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I examined the effects of hydrologic gradients and upland timber harvesting with 
different streamside management zone widths on yellow-poplar (Liriodendron tulipifera) 
processing and the associated macroinvertebrate community structure in the Cumberland 
Plateau ecophysic region, U.S.A. Prior to upland timber harvesting, 5.0 ± 0.1 g yellow-
poplar leaf packs were constructed, zip-tied to gutter nails, and placed into 7 perennial 
and 6 temporary stream reaches with similar physiochemical and geomorphic 
characteristics. From December 2007 to May 2008, 3–5 leaf packs were collected per 
reach monthly. I found significant differences in the functional feeding group 
composition. Temporary reaches contained higher shredder, gathering-collector, predator, 
and total macroinvertebrate abundances.  Shredder and total macroinvertebrate biomass 
was also higher in the temporary stream reaches. Gathering-collector biomass along one 
measurement was higher in the temporary streams. Perennial and temporary stream 
reaches contained similar macroinvertebrate diversity. Logging operations occurred from 
May 2008–December 2008. After logging operations ended, yellow-poplar leaf packs 
x 
 
were placed into the perennial and temporary reaches of 3 control and 3 treatment 
streams (2 with same SMZ width, 1 different). From December 2008–May 2009. Leaf 
packs were collected monthly. Within the temporary and perennial stream reaches, no 
significant differences were detected between control and treatment yellow-poplar 
processing rates.  No significant differences were detected between the control and 
treatment functional feeding group composition in abundance and biomass. Post-harvest, 
taxon richness increased in both the perennial control and treatment streams, while 
richness declined in the temporary control and increased in the temporary treatment. My 
findings indicate that when water is present, organic matter processing will function 
similarly to downstream reaches that have continual water flow. During seasonal flow 
patterns, macroinvertebrate communities associated with organic matter are present in 
temporary streams and may exceed perennial stream reaches in their density and biomass. 
This indicates that temporary streams are physically suitable habitats for 
macroinvertebrate fauna and contribute to a stream’s form and function. Overall, no 
observed distinct response in yellow-poplar processing rates or the associated 
macroinvertebrate community structure was detected within the perennial or temporary 
streams. Macroinvertebrate community structure varied spatially and temporally. On the 
taxonomic level, increases in taxa-specific abundance and biomass remain to be 
explained. Future research assessing interactions on the taxonomic level might help 
explain increases or decreases in abundance and biomass in relation to treatment effects. 
This study documented the response of organic matter breakdown and associated 
macroinvertebrate community structure during the 1st 5 months after logging. Thus, it is 
only a snapshot of stream ecosystem response to disturbance.  Long-term studies are 
xi 
 
needed to evaluate full ecosystem response and recovery. Due to uncontrollable factors, I 
was not able to evaluate the success of different SMZ widths.  Results documented 
should be treated with hesitancy, until full ecosystem response has been documented. 
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Introduction 
Headwater systems as an integral landscape component  
Headwater streams are integral components of watersheds. They can be defined as 
springs plus ephemeral, intermittent, temporary, first-order and second-order streams 
(Meyer et al. 2007), and are characterized by their small size, closed canopy, and low 
levels of primary production (Richardson and Danehy 2007). Headwater streams are the 
upper limbs of a dendritic network of streams and rivers. These streams are intimately 
connected to their surroundings and are an important influence on downstream 
physiological and biological processes (Wipfli and Gregovich 2002, Alexander et al. 
2007). They function as connectors between terrestrial and aquatic systems, terrestrial 
organic matter breakdown and retentions centers, regulators of inorganic and organic 
exports, and as habitat for niche-specific aquatic biota (Lowe and Likens 2005). A 
growing body of studies about the structure and function of headwater streams 
(Alexander et al., 2007, Meyer et al. 2007) has given us a wealth of knowledge about 
these systems and about their role in the environment. 
Terrestrial-aquatic linkages have a strong effect on the form and function of 
headwater streams. Riparian zones, forests adjacent to streams, can affect the abiotic and 
biotic composition of a headwater stream and regulate the connectivity between the 
terrestrial and aquatic ecosystems (Naiman and Décamps 1997, England and Rosemond 
2004). The hydrological condition within a watershed’s riparian network influences the 
breakdown of leaf litter in streams and in the riparian corridor (Hutchins and Wallace 
2002, Royer and Minshall 2003). Biogeochemical constituents are actively exchanged 
between riparian soils and the stream system. Trees and other riparian vegetation 
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physically protect streams from sediment inputs, while their root structure and fallen 
woody debris alter stream hydraulics (Naiman and Décamps 1997). 
  Litter inputs are the basal food web subsidy for heavily shaded headwater 
streams (Vannote et al. 1980). Another source of terrestrial energy comes in the form of 
riparian arthropods. These arthropods are a food source for numerous aquatic predatory 
species (e.g. fish and salamanders) and are a significant part of aquatic food webs 
(Nakano et al. 1999). In return, aquatic systems provide terrestrial systems with energy in 
the form of emerging aquatic insects that are preyed upon by terrestrial predators (e.g. 
bats, birds, and spiders) (Jackson and Fisher 1986, Collier et al. 2002, Murakami and 
Nakano 2002). Due to seasonality restrictions on the growth of terrestrial and aquatic 
invertebrates in their respective habitat, terrestrial and aquatic predators supplement their 
diet with invertebrates from the reciprocal donor ecosystem (Nakamo and Murakami 
2001). Not only can seasonality affect the energy flux between systems, but resource 
availabilities in both cooperating systems can play a role in the inter-systems food web 
(Marczak and Richardson 2007). Riparian corridor-stream interactions help maintain 
proper energy flow paths and contribute to the overall health of a stream system. 
 Due to solar radiation limitations, the main source of energy for headwater 
streams is through the processing of allochthonous organic matter (Fisher and Likens 
1973). Trees and vegetation within the riparian zone are the principle point of supply of 
allochthonous matter that enters these systems (Cummins 1974). The vegetative 
composition of riparian zones can influence the seasonal input of allochthonous organic 
litter, litter breakdown rates, and aquatic macroinvertebrate community structure 
(Gregory et al. 1991). Organic allochthonous materials may include leaf litter, woody 
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debris, flowers, cones, fruits, and nuts (Webster and Benfield 1986), although 41– 98% of 
the organic matter input is attributed to leaf litter (Abelho 2001). Leaf litter in temperate 
forests usually enters stream reaches during autumn, when trees shed their leaves to 
conserve energy, but other biotic and abiotic factors may allow leaves to enter the stream 
reaches during the summer (Maloney and Lamberti 1995). Lesser amounts of leaves enter 
streams via lateral blow-in from the adjacent banks and longitudinally from upstream 
sources.  
 Once the leaf litter is in the stream, debris dams, coarse woody debris, rocks, 
roots, and other structures within the stream block the export of the litter and allow it to 
be colonized and used as a food resource and habitat by bacteria, fungi, and 
macroinvertebrates. These retentive features manipulate the hydraulic function of a 
stream, provide storage sites for the organic matter, and allow it to be broken down into 
finer particles which can be utilized by macroinvertebrates (Bilby and Likens 1980, Gomi 
et al. 2002). These retentive features bring habitat heterogeneity to streams (Muotka and 
Laasonen 2002). Organic debris dams increase macroinvertebrate densities, especially 
members of the shredder functional feeding guild (Smock et al. 1989).  
 These allochthonous sources of organic matter provide aquatic food webs, 
especially headwater stream food webs, with a critical source of nutrients. Released 
carbon from the breakdown of organic matter supplies and supports aquatic food web 
structures. Upon entering streams, leaves and other coarse particulate organic material 
(CPOM; e.g., needles) are broken down by various chemical, microbial, and physical 
processes into or fine particulate organic matter (FPOM) and dissolved organic matter 
(DOM). After being broken down, these organic particles are utilized by the resident 
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stream biota, retained by certain physical characteristics of the stream or transported 
further downstream (Webster et al. 1999, Minshall et al. 2000, Brookshire and Dwire 
2003). Burial of organic matter can lead to a spiraling effect on the release of organic 
matter into the water column (Tillman et al. 2003).  
 Depending on the spatial scale, several abiotic and biotic factors influence 
breakdown of leaf litter (Royer and Minshall 2003). Biotic factors along the hierarchal 
scale can affect the rate of leaf litter decomposition. The riparian vegetation composition 
beside the stream determines what leaf species are being deposited into the water column 
(Cummins et al., 1989). The chemical and structural components of leaves, especially 
nitrogen and lignin concentrations, can govern leaf processing rates and 
macroinvertebrate assemblages (Webster and Benfield 1986, Short et al. 1990, Leroy and 
Marks 2006). Leaching, the loss of nutrients and other chemicals, occur when leaves first 
enter the water (Webster and Benfield 1986, Cummins et al., 1989).  
 Headwater streams provide habitat for a diverse array of aquatic organisms. 
Bacteria and fungi are important intermediaries in the preparation and utilization of 
allochthonous matter by higher trophic organisms. Fungi, particularly aquatic 
hyphomycetes, dominate the colonization of allochthonous materials and are actively 
involved in the uptake and flow of carbon into stream food webs (Suberkropp and Klug 
1976, Gessner and Chauvet 1994, Gulis and Suberkropp 2003a,b). Physical and chemical 
factors, including nutrient concentrations, can affect microbial activity on organic matter 
(Suberkropp and Chauvet 1995, Suberkropp and Weyers 1996, Grattan II and Suberkropp 
2001, Gulis and Suberkropp 2003b, Pascoal and Cássio 2004). Fungi release exoenzymes 
that biochemically disassemble structural and chemical properties of leaves (Suberkropp 
7 
 
 
 
and Klug 1976, Gessner and Chauvet 1994). This conditions the leaf detritus, providing a 
more palatable source of organic carbon for macroinvertebrates (Suberkropp 2001). 
Hieber and Gessner 2002 estimated that 15–18 % of mass loss from leaf litter can be 
contributed to aquatic hyphomycetes activity. Bacteria also assist in the microbial 
conditioning and breakdown of organic matter. Bacteria have a competitive role with 
fungi (Gulis and Suberkropp 2003a), although Bengtsson (1992) found a synergistic 
relationship. Studies have shown that bacteria play a lesser role in the beginning stages of 
microbial activity on organic matter, but increase in activity during advanced stages of 
breakdown (Suberkropp and Klug 1976, Gessner and Chauvet 1994, Suberkropp 2003b). 
 Aquatic macroinvertebrates are a key component of the food web structure in 
headwater systems (Wallace et al. 1982, Huryn and Wallace 2000). Due to allochthonous 
basal resources, certain taxa of macroinvertebrates are able to colonize, consume, and 
breakdown allochthonous organic matter. Thus, headwater streams have distinct 
macroinvertebrate assemblages that can predicted by known stream characteristics 
(Vannote et al., 1980). The morphological and behavioral characteristics associated with 
aquatic macroinvertebrate resource consumption allow them to be classified into 
functional feeding groups (Cummins and Klug 1979). Shredders are macroinvertebrates 
that feed on plant vascular tissue, woody debris, and living vascular macrophytes 
(Wallace and Webster 1996). Numerous studies have found the shredder functional 
feeding group integral to the mechanical breakdown of CPOM (Cummins et al. 1973, 
Whiles et al.1993, Dangles and Malmqvist 2004). Shredder populations can vary by 
season and across hydrologic gradients (Richardson 1990, Grubbs and Cummins 1996, 
Grubbs et al. 2006). Strong shredder densities have been linked with high amounts of 
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organic matter accumulation (Graça 2001). Recent studies (Jonsson et al. 2001, Dangles 
and Malmqvist 2004) found a link between shredder species richness and leaf breakdown 
rates. 
 Absence of shredders, however, can negatively influence leaf processing (Wallace 
et al. 1982, Cuffney et al. 1990). Reduced leaf processing rates in insecticide treated 
streams was due to the lack of shredders remaining in the streams after insecticide 
treatment. Organic matter also provides suitable habitat for macroinvertebrates, although 
Richardson (1992) concluded that shredders and non-shredders utilize leaf litter mainly 
for food value. FPOM accumulated on leaf packs from CPOM and possibly shredder 
fecal pellets can serve as a food reservoir for collectors (Short et al., 1990; Joyce and 
Wotton 2008). Shredders are also important intermediate consumers that can be affected 
by both top-down and bottom-top food web interactions (Wallace et al. 1999, Ruetz III et 
al. 2002).   
 Headwater streams support a vast array of both terrestrial and aquatic vertebrates.  
Aquatic vertebrates use headwater streams as habitat, sources of energy, and as spawning 
sites. Most vertebrates are secondary consumers in the aquatic food web. Fish 
populations can be top level predators in these low-order streams. The fish community 
structure of headwaters streams is dependent upon resource availability, channel 
morphology, and hydrologic conditions (Vannote et al. 1980, Schlosser 1982, Magoulick 
2000). Salamanders are high trophic level vertebrates that reside both in and adjacent to 
headwater streams. Recent studies have found high salamander biomass and abundances 
in headwater streams and the adjacent riparian corridor (Wilkins and Peterson 2000, 
Peterman et al. 2008), thus suggesting that these streams are highly productive systems.  
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Abiotic factors can also affect leaf processing rates. Stream patch type (e.g., pools, runs, 
and riffles) can influence the breakdown rate of litterfall and the associated 
macroinvertebrate community (Cummins et al. 1980, Meyer 1980, Kobayashi and 
Kagaya 2005). Temporal regimes alter the microbial and macroinvertebrate communities 
that utilize the litter (Grubbs and Cummins 1994, Irons et al. 1994). Nutrient enrichment 
alters microbial activity on leaf packs, thus effecting breakdown rates (Suberkropp and 
Chauvet 1995, Grattan II and Suberkropp 2001, Greenwood et al. 2007). The geology of 
an area can cause changes in the pH levels of streams, thus affecting microbial activity 
and leaf processing rates (Griffith and Perry 1993, 1994). Flow durations and 
anthropogenic disturbances also cause alterations to organic matter dynamics. 
  
Hydrologic gradients 
 Hydrologic flow patterns are important abiotic factors that influence headwater 
stream ecosystems. Temporal pattern of flow (Brooks 2009) of a headwater stream can 
alter its physical, chemical, and biotic properties. For example, changing flow patterns 
can have a profound impact on aquatic communities colonizing available habitat in the 
different portions of the stream. Ecosystem level processes (e.g., litter processing) are 
also affected by fluctuating flow patterns.  
 Headwater streams can be partitioned up into longitudinally linked reaches based 
on annual flow permanence. Perennial or permanent stream reaches contain water within 
their channels for greater than 90% of the year (Hewlett 1982) and are only dry during 
extreme drought conditions. Streams that receive recurrent dry periods that are 
predictable in both the onset and the duration are defined as temporary streams (Williams 
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1996). Temporary streams can be further subdivided into two categories: intermittent, 
streams that become dry during the periodic dry season, but are still connected to the 
underlying water table, and ephemeral, streams that flow only after precipitation events 
(Williams and Hynes 1977, Fritz et al. 2008).  
 Physiochemical and biological factors influence the hydrology of temporary 
streams (Closs and Lake 1994, Williams 1996). The climatic history of a region can alter 
the flow patterns of streams. Climatic (i.e. wet vs. dry years) and weather (i.e. floods and 
droughts) fluctuations over time can manipulate how much water enters a watershed and 
underlying water table. These oscillations can be random or cyclical in nature (Feminella 
1996, Morais et al. 2004). Other factors (e.g., water table levels, runoff, 
evapotranspiration rates, community metabolism, and riparian soil structure) can cause 
fluctuations in a stream’s hydrologic levels (Williams and Hynes 1977, Dewson et al. 
2008, Fritz et al. 2008). Seasonal reductions in water flow can cause increased  water 
temperature, decreased dissolved oxygen levels (Williams 1996, Dewson et al. 2008), 
and increased sedimentation events (Acuña et al, 2005, Dewson et al. 2008). 
Geomorphologic features of stream reaches exert hydrological and physical influences on 
stream form and function (Halwas et al, 2005), but can also be influenced in turn by 
extreme weather events (Carpenter et al. 1992).  
 Hydrological periods are able to influence organic matter dynamics (Boulton 1991, 
Molla et al. 1996, Acuña et al. 2005, Dewson et al. 2008). Flowing water contributes to 
the physical breakdown of coarse organic detritus into FPOM. Even with the mercurial 
nature of these upland stream systems, detritus is available after flooding and drying 
episodes (Closs and Lake 1994).  
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 Temporary streams are capable of retaining high amounts of organic matter within 
their reaches (Dieterich et al. 1997). During reduced water flows, organic matter standing 
stocks increase and become accumulated in wetted pools (Acuña et al. 2005). After flow 
resumes, organic matter dynamics begin to mimic dynamic patterns similar to perennial 
channels. Flooding increases the rate of leaf decomposition in the riparian forest adjacent 
to streams (Gurtz and Tate 1988). 
 Headwater streams support a rich assemblage of aquatic biota. Within these 
systems, hydrologic factors can influence both invertebrate and vertebrate community 
structure and function. Aquatic biotic community comparisons between perennial and 
temporary streams have been well studied globally (e.g., Australia: Boulton and Lake 
1991, 1992; North America: Stanley et al. 1994, Feminella 1996, Dieterich et al. 1997, 
Magoulick 2000; Mediterranean: Morais et al. 2004). Both types of streams provide 
habitat and energy resources for colonization and consumption. Reduced water flow 
caused by seasonal weather patterns or prolonged dry conditions can influence 
macroinvertebrate (Closs and Lake 1994, Miller and Golladay 1996, Covitch et al. 2003) 
and fish (Magoulick 2000, Dekar and Magoulick 2007) community structure in 
temporary streams.   
 Due to a paucity of vertebrate predators (fish and salamanders), temporary streams 
can act as refuge habitat for macroinvertebrates (Proger and Moldenke 2002, Álvarez and 
Pardo 2005), which can in turn enhance their growth rates and biomass accrual (Huryn 
and Wallace 2000). Several studies (e.g., Proger and Moldenke 2002, Álvarez and Pardo 
2005) have found secondary production occurring in temporary streams similar to that 
occurring in perennial systems during water flow. Macroinvertebrate community 
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interactions in temporary streams are possibly the same as the interactions found within 
perennial streams (Dieterch et al. 1997). However, other studies have shown that a 
cessattion in water flow reduces macroinvertebrate richness and abundance (Delucchi 
1989, Meyer and Meyer 2000, Morais et al. 2004, Dewson et al. 2008) and can restrict an 
organism’s ability to reproduce and disperse.  
 Aquatic biota, particularly macroinvertebrates, colonizing stream channels have 
adapted life history strategies that allow them to tolerate the mercurial hydrologic 
conditions of temporary streams (Williams and Hynes 1977, Stanley et al. 1994, 
Dieterich and Anderson 1995, Meyer and Meyer 2000, Schwartz and Jenkins 2000, 
Woods et al. 2003, Boulton 2003, Dewson et al. 2008). These life history strategies 
involve withstanding prolonged exposure to drought, egg diapause, and the ability to 
disperse into and recolonize disturbed habitat, (Stanley et al. 1994, Schwartz and Jenkins 
2000, Meyer and Meyer 2000, Boulton 2003, Álvarez and Pardo 2005, Grubbs et al. 
2006). Desiccation tolerance levels of aquatic macroinvertebrates allows for distinct 
community assemblages in temporary streams (Williams and Hynes 1977). When flow is 
lacking, taxa tolerant to drying conditions are in higher densities, while less tolerant taxa 
are higher when flow is present (Morais et al. 2004). Species that exhibit these life 
history patterns provide headwater streams with endemic species that possibly do not in 
other geographic locations (Williams 1996; Finn et al. 2007).  
 Although fluctuations in the water column may cause drying in temporary stream 
channels, discharge within the hyporheic zone may continue to connect perennial and 
temporary channels (Hose et al. 2005) and acts as habitat for stream organisms (Triska et 
al. 1993). This connection can allow macroinvertebrate biota to colonize both channels 
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and act as a refuge for a diverse array of fauna (Hose et al. 2005, Collins et al. 2007, 
DiStefano et al. 2009) during dry periods.  Previous studies (Delucchi 1989, del Rosario 
and Resh 2000), however, have concluded that the hyporheos is not used as a refuge from 
stream drying. 
 A headwater’s form and function is dependent on many factors. Hydrologic 
regimes influence nutrient dynamics, biotic community structure, and resource 
availability. Hydrologically-influenced macrohabitats support upland reach-specific taxa, 
provide refuges from predators, and provisions of organic matter.  
 Distinct physiographic land forms can alter streams form and function. Studies 
conducted in various geographic locations have shed light on stream system dynamics for 
that specific region. Temporary streams have been relatively well studied in xeric regions 
(e.g., Boulton 1991, Boulton and Lake 1992, Closs and Lake 1994, Stanley et al. 1994, 
Gasith and Resh 1999; Morais et al. 2004,). The weather patterns associated with these 
dry regions heavily influence local hydrological conditions (Williams 1996). Other 
regions (e.g., tropical, Covitch et al. 2003; Pacific Northwest, Dieterich et al. 1997; 
Progar and Moldenke 2002; Dieterich et al. 1997; and North American temperate, Kirby 
et al., 1983; Feminella 1996; Miller and Golladay 1996) have received noted attention. I 
was only able to find 1 study assess leaf breakdown in temporary waters. Kelly and Jack 
(2002) assessed leaf processing in an ephemeral karst lake, but no studies have been 
found assessing leaf processing in temporary Kentucky streams.27 
Forest harvesting practices 
The impacts of logging on watersheds and their associated network of streams 
have been well studied (Gurtz and Wallace 1984, Melody and Richardson 2007, 
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Richardson 2008).  Logging and associated construction that comes with logging can 
have multiple effects on the abiotic and biotic factors of headwater streams.  All of the 
following effects can result in the systematic removal of tress in a watershed: increases in 
sedimentation rates, water temperature, surface runoff, autochthonous energy sources; 
and the removal and subsequent change in tree community structure and composition.  
These effects alter ecosystem-level processes and biotic communities in stream systems.  
In order to reduce the impacts of logging, forest managers have devised guidelines to 
mitigate the impact of logging on the form and function of stream systems. The aim of 
the guidelines is to mitigate alterations to stream ecosystems. 
Logging can alter the physiochemical characteristics of a stream. During 
precipitation events, sedimentation, the deposition of sediment onto the stream benthos, 
occurs naturally within stream systems. Construction of logging roads and the eventual 
tree removal increases sediment input into streams. (Gurtz et al. 1980, Douglas et al. 
1992, Wood and Armitage 2005). Swank et al. (2001) found increased sediment yields 15 
years after clearcutting. Sediment deposition reduces food availability, fills and covers 
available habitat, and can directly impair food processing by benthic invertebrates 
(Richardson 2008). Webster and Waide (1982) found increasing sedimentation during 
logging activities bury standing stocks of leaf litter, thus decreasing breakdown rates and 
food availability. These inputs can alter the chemical composition of the stream. 
Dissolved substance and nutrients increase in export from the watershed 
(Bormann et al. 1974, Webster et al. 1990). Logging upsets natural biogeochemical 
cycles occurring in soils and its link to dissolved nutrients entering the watershed (Neill 
et al. 2001). Reductions in coarse woody debris dams can lead to higher rates of 
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particulate organic matter export (Webster et al. 1990). Deforestation can cause stream 
channel narrowing and a loss of available habitat (Sweeney et al. 2004). Due to plant 
loss, evapotranspiration is reduced and water runoff from the surrounding riparian 
corridor increases (Keppeler and Ziemer, 1990). 
Due to the removal of the forest canopy, solar radiation is allowed to interact with 
the stream, causing an increase in stream temperatures. Water temperatures can alter 
organic matter processing and biotic communities. Higher temperatures can increase 
development rates in certain macroinvertebrate taxa (Richardson 2008). Warmer water 
temperatures degrade water quality and reduce suitable habitat for cool water species 
(Swift and Messer 1971).  
Studies have shown differing effects of logging on organic matter dynamics. 
Several studies have shown an increase in breakdown rates post-logging (Webster and 
Waide 1982, Benfield et al. 2001). Higher nutrient concentrations provoke an increase in 
microbial respiration, which coupled with an increase in the physical breakdown of leaf 
litter lead to the accelerated breakdown rates (Benfield et al. 2001, Gratten II and 
Suberkropp 2001). Higher nutrient concentrations can also lead to faster woody debris 
breakdown (Golladay and Webster 1988).  
Removal of the mature forest alters tree community composition and structure. 
This change in tree species leads to faster decomposing allochthonous material entering 
the streams and altering the breakdown rates and macroinvertebrate community structure 
of the streams (Griffith and Perry 1991, Stone and Wallace 1998, Benfield et al. 2001). 
Numerous studies have found higher macroinvertebrate abundance, biomass, and 
16 
 
 
 
production in disturbed versus undisturbed streams (Stout et al. 1993, Stone and Wallace 
1998, Benfield et al. 2001).  
Removal of the forest canopy structure, and the subsequent increase in light 
energy, increases autochthonous energy sources while decrease allochthonous energy 
sources. This swap in energy sources causes a change in the trophic structure of the 
stream (Gjerløv and Richardson 2004).  Macroinvertebrates that have the morpho-
behavioral mechanisms to feed upon autochthonous sources and generalists increase, 
while macroinvertebrates dependent upon detritus decrease in abundance and biomass 
(Wallace and Gurtz 1986, Benstead et al. 2003). Logging can affect the 
macroinvertebrate community structure directly. Gurtz and Wallace (1984) found a link 
between habitat substrate and biological factors can affect the macroinvertebrate 
community structure. Deforestation of the riparian corridor can alter downstream fish 
community assemblages (Jones III et al. 1999). 
 Best Management Practices (BMPs), guidelines developed by state agencies to 
mitigate logging impacts on watersheds, can vary from state-to-state. BMPs aid in the 
recovery of the water quality (Aust and Blinn 2004). Examples of BMPs include 
streamside management zones (SMZs), discontinued skidding use through streams, and 
restricted cutting of one forest block at a time (Lynch et al. 1985) Arthur et al. (1998) 
concluded that streams with BMPs mitigate the impact of clearcutting on streamwater 
quality in Eastern Kentucky. 
 Riparian buffer zones, or stream-side management zones, are terrestrial lands 
directly adjacent to the stream where no disturbances can take place (Naiman and 
Décamps 1997).  Riparian buffer zones protect biogeochemical processes, reduce solar 
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radiation, stabilize trophic structure, and protect streams from excess runoff and 
sedimentation (Kiffney et al. 2003). They form microclimates that influence stream form 
(Brosofske et al. 1997, Moore et al. 2005). Proper riparian zone management can 
alleviate the effects of anthropogenic land use (Naiman et al. 1993, Aust and Blinn 2004), 
and BMPs can mitigate the impacts of logging (Sweeney et al. 2004). Riparian corridors 
also act as refuges and habitats for vertebrates (Johnston and Frid 2002, Cockle and 
Richardson 2003, Richardson et al. 2005). 
 Headwater streams can occupy a significant portion of an area’s watershed. 
Hydrologic conditions along the longitudinal axis of a stream determine what, if any, 
type of protection is afforded by forestry professionals. Recent studies have emphasized 
the importance of temporary streams to local and downstream processes and biotic 
communities (Boulton 2003 Meyer et al. 2007, DiStefano et al. 2009) BMPs applied to 
stream reaches can vary state-to-state. (Blinn and Kilgore 2001). The state of Kentucky 
requires perennial streams to be protected by SMZs, but does not afford the temporary 
channels any protection (Stringer et al. 1998). Shepard et al. (2004) suggested the need 
for implementing SMZs to intermittent and ephemeral streams. 
 
Study purpose and hypotheses 
The importance of headwater streams is recently becoming extensively studied 
(Feminella 1996, Williams 1996, Woods et al. 2005, Meyer et al. 2007), and studies on 
factors governing organic matter dynamics and the associated macroinvertebrate 
community structure can aid researchers in distinguishing headwater streams as unique 
systems and protecting them with sound policy decisions. The objectives of this study 
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were two-fold: to assess the effects of longitudinal hydrologic gradients and alternative 
forest harvesting practices on leaf processing and associated macroivertebrate community 
structure in eastern Kentucky, U.S.A. If water is present in the temporary reaches, then 
leaf processing and the associated macroinvertebrate community structure should be 
similar to downstream perennial reaches. Also, if BMPs are successful in mitigating the 
affects of timber harvesting on headwater streams, then leaf processing and the associated 
macroinvertebrate community structure should not differ from unlogged reference 
streams. 
Methods and materials 
Study site descriptions 
All research was performed during autumn-spring 2007–2008 and 2008–2009 in a 
1545 ha, 3rd-order watershed, Clemons Fork, that is located in the Kentucky River Basin 
of Eastern Kentucky and part of a series of Robinson Forest (Figs. 1–3, Table 1) tracts 
that are owned and managed in part by the University of Kentucky. Robinson Forest is 
positioned in portions of Breathitt, Knott and Perry counties. Clemons Fork is located in 
the Central Appalachians-Dissected Appalachian Plateau Level IV Ecoregion, 
characterized by Pennsylvanian-aged shale, sandstone, and coal (Woods et al. 2002). The 
main underlying bedrock and stream substrates within both watersheds are sandstone, 
with occasional exposed coal seams and shale. 
Clemons Fork was last logged during the early part of the 1900’s and currently 
support mature second-growth mixed mesophytic forests (Cherry 2006). Forest stand age 
and disturbance history are virtually identical between study basins and along a 
longitudinal gradient
  
 
      
Table 1. GPS coordinates for each upland stream reach within the Clemons Fork watershed. E = ephemeral, I = intermittent, P = perennial, 
MS = midstream, DS = downstream. 
         
         
Subwatershed Reach Latitude Longitude  Subwatershed Reach Latitude Longitude 
         
Little Millseat E N 37 28.673' W 83 10.007'  Wet Fork E N 37 29.760' W 83 07.246' 
 I-MS N 37.28.689' W 83 09.881'   I-MS N 37 29.684' W 83 07.365' 
 I-DS N 37 28.666' W 83 09.809'   I-DS N 37 29.629' W 83 07.419' 
 P-MS N 37 28.543' W 83 09.489'   P-MS N 37 29.343' W 83 07.667' 
 P-DS N 37 28.445' W 83 09.218'   P-DS N 37 29.160' W 83 07.876' 
Shelly Rock E N 37 28.816' W 83 09.583'  Goff Hollow E N 37 28.925' W 83 07.168' 
Fork South I-MS N 37 28.845' W 83 09.470'   I-MS N 37 28.893' W 83 07.265' 
 I-DS N 37 28.858' W 83 09.412'   I-DS N 37 28.870' W 83 07.312' 
 P-MS N 37 28.878' W 83 09.277'   P-MS N 37 28.923' W 83 07.483' 
 P-DS N 37 28.911' W 83 09.188'   P-DS N 37 28.946' W 83 07.556 
Shelly Rock E N 37 28.993' W 83 09.737'  Falling Rock E N 37 28.403' W 83 07.694' 
Fork West I-MS N 37 29.016' W 83 09.639'  Branch I-MS N 37 28.460' W 83 07.809' 
 I-DS N 37 29.076' W 83 09.564'   I-DS N 37 28.481' W 83 07.877' 
 P-MS N 37 29.044' W 83 09.361'   P-MS N 37 28.474' W 83 08.009' 
 P-DS N 37 29.010' W 83 09.262'   P-DS N 37 28.509' W 83 08.199' 
Bookers Fork E N 37 29.223' W 83 08.445'      
 I-MS N 37 29.156' W 83 08.513'      
 I-DS N 37 29.095' W 83 08.537'      
 P-MS N 37 28.956' W 83 08.485'      
 P-DS N 37 28.809' W 83 08.418'      
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Figure 1. State of Kentucky. Red star indicates relative location of Robinson forest.  
 
 
 
 
 
Figure 2. Physiographic representation of Kentucky.  Robinson forest is located in the 
Cumberland Plateau region. 
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Figure 3. Streams selected for study in the Clemons fork block. 
hydrologic continuum from ephemeral downslope to perennial channels.  
 
Tree and woody shrub species commonly located along study streams and the 
adjacent upland slopes include American beech (Fagus grandifolia Ehrh.), black oak (Q. 
velutina Lamb.), chestnut oak (Q. prinus L.), northern red oak (Q. rubra L.), white oak 
(Q. alba L.), hickory (Carya spp.), yellow poplar (Liriodendron tulipifera L.), sugar 
maple (Acer saccharum Marshall), red maple (A. rubrum L.), white ash (Fraxinus 
americana L.), American rhododendron (Rhododendron maximum L.), mountain laurel 
(Kalmia latifolia L.), and common spicebush (Lindera benzoin L.). Dekalb-Marowbone-
Lantham, Cloverick-Shelocata-Cutshin, Shelocta-Gilpin-Hazleton, and Shelocta-Gilpin-
Kimper soil series underlay the forest (Cherry 2006). 
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A series of seven similar-sized upland 1st–2nd order tributaries were established as 
apriori replicates in the Clemons Fork watershed (Table 1). Each tributary drains a small 
subwatershed (34–109 ha), is positioned within a narrow altitudinal band (Table 2), and 
was divided longitudinally into temporary, intermittent and upland perennial reaches 
based on annual flow permanence. Only ephemeral and perennial reaches were employed 
in this study. All stream reaches were 50 m in length and composed mainly of coarse 
sandstone substrates intermixed with small accumulations of large woody debris and an 
occasional shallow bedrock run. Pools were mainly associated with woody debris. 
In-stream physical and chemical parameters were analyzed monthly during 2007 
and 2008. Temperature (°C), pH (S.U.), conductivity (µs/cm), salinity (ppt), total 
dissolved solids (mg/L), dissolved oxygen (mg/L), and turbidity (NTU) were quantified 
in the field with an YSI 556 multiprobe system. Both automated ISCO and grab samples 
were taken for quantifying alkalinity, dissolved organic carbon and total organic carbon 
levels according to standard methods (APHA 1992). Alkalinity (mg/L) was analyzed with 
an Orion 940/960 autotitrator and both organic carbon parameters with quantified with a 
Shimadzu TOC-5000A.  
 
Field and laboratory methods 
Hydrologic gradients 
Yellow poplar leaves were used to compare breakdown rates and 
macroinvertebrate colonization patterns between temporary and perennial stream reaches. 
The temporary reach of one stream (Goff Hollow) was dry during autumn 2007 and 
hence, was not studied during this processing season. Yellow poplar is a common tree 
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species across the Clemons Fork watershed and typically breaks down at a fast rate 
(sensu Petersen and Cummins 1974), although slower rates of mass loss have been 
documented by Suberkropp and Chauvet (1995). This fast-processed species was chosen 
to ensure that at least most leaf material would be processed prior to complete channel 
drying in the ephemeral reaches by early summer. Freshly-senesced leaves were collected 
in October 2007 and air-dried for two weeks. Five g (± 0.1g) of leaves were weighed and 
placed into commercial mesh bagging (5 mm mesh size; Conweb Plastics, LLC, 
Minneapolis, MN). Six leaf packs were individually zip-tied to a 7 in. gutter nail to 
constitute a leaf bundle. Depending on field season, between 3–5 leaf bundles were 
placed into the substrate of the temporary and perennial stream reaches. To correct for 
handling and leaching, one leaf pack from each bundle was collected 24 h after 
immersion. Leaf packs were then collected at monthly intervals for five months. Upon 
collection, a 500-µm sieve was placed directly behind each leaf bundle to catch any 
macroinvertebrates or fragments that became dislodged during the removal of each leaf 
pack from the stream. 
The packs were then placed into zip-loc bags, along with the macroinvertebrates 
and fragments that was caught in the sieve, and placed immediately in a cooler. In the 
laboratory each pack was rinsed off in di-H20 over a 500-µm sieve to collect 
macroinvertebrates and to remove inorganic and organic debris from the leaves. 
Macroinvertebrate material was stored in 95 % ethanol. Remaining leaf material was 
dried at 60-80° C for a minimum of 20 h and weighed to the nearest ± 0.1g to quantify 
dry mass (DM).  All or most of the leaf material were ground up using a mortar and 
pestle for ash-free dry mass (AFDM) quantification. Three 250 mg subsamples of the 
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ground material were taken and ashed in a muffle furnace for 550° C for 1 h. After 30 
min intervals each subsample was taken stirred briefly with a dissecting needle to 
encourage even ashing of detrital material (Gurtz et al. 1980). After the 1-h ashing 
period, the subsamples were allowed to cool, wetted with di-H20, placed back in the 
drying oven at 60–80°C for a minimum of 8 h, and weighed to the nearest ± 0.1g on an 
analytical balance. 
Percent (%) organic matter (OM) of each milled sample was quantified as: % OM 
= [(sample DM - sample ash mass) / (sample DM)] * 100%. Dry mass was converted to 
AFDM as: AFDM = DM * % OM. AFDM per pack was converted to % AFDM 
remaining as:  % AFDM remaining = (final AFDM / initial AFDM) * 100.g. 
Percent (%) organic matter (OM) of each sample was quantified as follows: % 
OM = [(sample DM - sample ash mass)/(sample DM)] * 100%. Dry mass was converted 
to AFDM of each pack by: AFDM = DM * % OM. AFDM per pack was converted to % 
AFDM remaining by: % AFDM remaining = (final AFDM / initial AFDM) * 100. 
Breakdown rates of tulip poplar leaves for each stream reach were calculated by 
regressing the natural log (ln) of the mean % AFDM remaining against in-stream 
processing time. The negative slope of the regression line   was used as the processing 
coefficent (-k). 
All macroinvertebrate samples were fully-sorted under a dissecting microscope. 
All macroinvertebrate taxa were identified to lowest possible taxon, except for most 
Chironomidae, and Oligochaetes (Thorp et al. 1991, Wiggins 1996, Stewart and Stark 
2002, Merritt et al. 2008). Functional feeding groups, as shredders, scrapers, filtering-
collectors, gathering-collectors and predators were assigned according to Barbour et al. 
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(1999) and Merritt et al. (2008). Chironomidae were partitioned only into Tanypodinae 
(predators) and non-Tanypodinae (gathering-collectors). Body lengths or head widths for 
all macroinvertebrates were measured digitally with SIMAGIS®3.0 (Smart Imaging 
Technologies, Houston, TX). Both published and unpublished mass-body length (or head 
width) regressions (Benke et al. 1999, Hall et al. 2006, Matousek 2007, McNeely et al. 
2007) were used to calculate the biomass of all individuals. Macroinvertebrate abundance 
data were expressed as no./ leaf pack (LP) and as no./g AFDM LP remaining. 
Macroinvertertebrate biomass data were expressed similarly as mg/ LP and mg/ g AFDM 
LP remaining. Abundance and biomass values were quantified for all macroinvertebrates 
and individually for each functional group. 
To assess the difference in temporary and perennial reaches, independent sample 
t-tests (Statistica 7, StatSoft®, Tulsa, OK, U.S.A.) were used to compare leaf processing 
rate coefficients (-k) and all macroinvertebrate abundance (no./LP, no./g AFDM LP 
remaining) and biomass measures (mg/LP, mg/g AFDM LP remaining) between the 
ephemeral and perennial reaches. 
 
Forest harvesting practices 
Forest harvesting started in June 2008 and by mid-December four subwatersheds 
had been harvested in full (Table 2). Wet atmospheric conditions during spring 2009 
prevented harvesting in the two remaining subwatersheds. In addition to two control 
subwatersheds, initially there were four experimental streamside management zone 
(SMZ) treatments per channel type (e.g., ephemeral) that were replicated in duplicate 
(Table 3). Two SMZ treatments were subsequently removed from the study in 2007,  
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Table 2. Summary of Clemons Fork subwatershed forest harvesting treatments 
categorized by stream section and channel type. n.a. = not applicable. 
        
    
 Stream channel type 
Subwatershed Ephemeral Intermittent Perennial 
        
Little Millseat control control control 
Shelly Rock Fork South 0 m, stringer 7.6 m, 25% 16.8 m, 100% 
Shelly Rock Fork West 7.6 m, 25% 15.2 m, 25% 33.5 m, 100% 
Bookers Fork 0 m, 0 % 7.6 m, 0% 16.8 m, 50% 
Wet Fork 7.6 m, 25% 15.2 m, 25% 33.5 m, 100% 
Falling Rock Branch control control control 
        
        
 
which in turn eliminated two experimental subwatersheds. Harvesting proceeded as near 
complete removal of trees from the upland slopes across all six experimental 
subwatersheds and selected removal within riparian zones (i.e., streamside management 
zones; SMZ’s). Harvesting treatments within SMZ’s differed between temporary and 
perennial channels (Table 3). Treatments varied according to SMZ width and percentage 
of trees left standing within the SMZ. 
Yellow-poplar leaves were used to compare breakdown rates and 
macroinvertebrate colonization patterns between pre-harvest and the short-term post-
harvest conditions. All field and laboratory methods were identical to the hydrologic 
gradients section. Pre-harvest and post-harvest freshly-senesced leaves were collected in 
October 2007 and November 2008, respectively, and air-dried for two weeks. To assess 
pre-harvest leaf processing dynamics, during December 2007 leaf packs were placed into 
the two control and five treatment streams and were sampled monthly for five months. To 
similarly assess post-harvest leaf processing dynamics, in December 2008 packs were  
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placed into the two control and five treatment streams and were also sampled monthly for 
five months. Due to weather-related conditions we were unable to retrieve leaf packs in 
January (streams completely frozen) and May (flooding) 2008. 
 
Table 3. Summary of Clemons Fork subwatershed forest harvesting 
treatments categorized by stream section and channel type. n.a. = 
not applicable. 
        
    
 Stream channel type 
Subwatershed Ephemeral Intermittent Perennial 
        
    
Little Millseat control control control 
Shelly Rock Fork 
South 0 m, stringer 7.6 m, 25% 
16.8 m, 
100% 
Shelly Rock Fork 
West 7.6 m, 25% 15.2 m, 25% 
33.5 m, 
100% 
Shelly Rock Fork 
North 0 m, 0 % 7.6 m, 0% 
16.8 m, 
50% 
Bookers Fork 0 m, 0 % 7.6 m, 0% 
16.8 m, 
50% 
Upper Clemons Fork* n.a. n.a. n.a. 
Wet Fork 7.6 m, 25% 15.2 m, 25% 
33.5 m, 
100% 
John Carpenter Fork* n.a. n.a. n.a. 
Goff Hollow 0 m, 0 % 7.6 m, 25% 
16.8 m, 
100% 
Falling Rock Branch control control control 
        
    
* Harvesting treatments were removed from these two 
subwatersheds after this study commenced in 2004.  
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Due to timber harvesting taking place in only 3 of the 6 treatment streams, we 
were unable to analyze the effects of each treatment type. Two of the three streams 
received the same treatment (Shelly Rock West and Wet Fork), while the third (Shelly 
Rock South) received a different treatment.  To statistically test for any overall treatment 
effects, all three harvested streams were placed in one treatment stream category. 
Because logging had not occurred in Booker Fork and pre-harvest data was collected 
from both stream reaches, this stream was used as a pseudo-control stream.  Thus, both 
control and treatment streams were represented each by three replicate streams. Repeated 
measures ANOVAs using Statistica 7.0, (StatSoft, Inc. 2004) were used to assess time 
and treatment effects on leaf breakdown rates and macroinvertebrate community structure 
based on functional feeding groups (FFGs). 
 
Results 
Physiochemical characteristics 
 All 7 streams contained subtle changes in the 7 physiochemical measurements, but 
were physiochemically similar during 2007 and 2008 (Tables 4-5). 
Hydrologic gradients 
Leaf processing 
Processing of yellow-poplar leaves rates varied in both stream segments 
(temporary: 0.007 – 0.026, perennial: 0.010 – 0.022; Table 6). After 150 d, percent mass 
remaining in the temporary channels ranged from < 1% – 27% (Fig. 4a), comparing 
similarly to 2% – 21% remaining in the perennial channels (Fig. 4b). There was no 
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significant between-channel difference in the breakdown rates (t = 0.35, p = 0.73, Fig. 5).  
Macroinvertebrate communities 
Macroinvertebrate community structure colonizing leaf packs varied within and between 
reach types. Abundance and biomass varied within each reach (Tables 7-10). There were 
several between-reach significant differences in macroinvertebrate community biomass 
and abundance (Table 11). All biomass and abundance measurements for the shredder 
feeding group were significantly higher in the temporary reach packs (Figs. 6a-6h).  
Gatherer-collector abundance and biomass (as mg/AFDM) levels were significantly 
higher in the temporary reaches (Figs. 7a–7h). No significance was detected in gatherer-
collector (mg) per leaf Pack (LP). 
 No significance was detected in the two predator biomass measurements, yet 
measures for predator abundance were significantly higher in temporary leaf packs (Figs. 
8a–8h). Scraper biomass and abundance were similar along all for measurements (Figs. 
9a–9h). Filter-collector biomass were significantly higher in perennial (mg) per (LP), but 
were not significant in any of the other three measurements (Figs. 10a–10h). Total 
macroinvertebrate community biomass and abundance was significantly higher in the 
temporary streams (Figs 11a–11h). Forty-eight benthic invertebrate taxa were collected in 
the perennial and temporary stream reach leaf packs (Table 12). Gathering collector taxa 
dominated leaf pack abundance in both reach types (49%- temporary, 48%-perennial), 
followed by shredder taxa (temporary-32%, perennial-34%).  Similar faunal diversity was 
found in leaf packs from both stream reaches (44-temporary, 44-perennial).   
    
 
                              
 
 
 
 Table 4. Summary of mean in-stream physical and chemical parameter values during 2007. I = intermittent, P = 
perennial. n.a. = data not collected. 
 
 
                  
         
Subwatershed Reach Parameter       
  Temp pH Cond Alk DO TOC DOC 
    (°C) (s.u.) (µs/m) (mg/L) (mg/L)     
         
Little Millseat I 14.9 6.52 46.4 36.6 8.3 7.8 8.0 
 P 14.6 6.55 50.5 44.9 6.9 8.9 8.3 
Shelly Rock Fork South I 15.3 6.50 40.3 34.3 7.3 8.8 8.5 
  P 14.9 6.45 43.5 38.0 7.8 10.4 8.5 
Shelly Rock Fork West I 13.8 6.38 45.4 32.5 7.4 10.6 9.7 
  P 14.5 6.65 45.3 41.9 7.1 10.1 8.4 
Booker Fork I 15.7 6.46 39.4 20.3 6.9 8.6 7.9 
 P 15.8 6.49 39.9 36.9 7.8 9.4 8.7 
Wet Fork I 15.1 6.73 54.6 39.8 7.9 9.9 9.2 
 P 15.2 6.37 47.4 42.3 6.7 11.5 9.7 
Goff Hollow I 14.1 6.17 43.7 24.4 6.3 11.8 9.7 
 P 14.1 5.96 42.4 24.6 6.1 8.2 7.8 
Falling Rock Branch I 14.2 6.27 36.3 28.4 7.7 8.1 7.5 
  P 14.2 6.52 41.1 28.0 8.3 7.9 7.4 
                  
    
 
 
 
 
 
 
 
 
Table 5. Summary of mean in-stream physical and chemical parameter values during 2008. I = intermittent, P = 
perennial. n.a. = data not collected. 
                
        
Subwatershed Reach Parameter      
  Temp pH Cond Alk TOC DOC 
    (°C) (s.u.) (µs/m) (mg/L)     
        
Little Millseat I n.a. 6.24 42.5 23.8 4.5 4.4 
 P n.a. 6.36 49.7 41.8 3.1 2.8 
Shelly Rock Fork South I n.a. 6.18 44.3 24.0 3.5 3.2 
  P n.a. 6.37 46.8 30.4 3.8 3.4 
Shelly Rock Fork West I n.a. 6.11 41.0 15.9 3.0 2.5 
  P n.a. 6.27 50.7 22.7 3.8 3.2 
Booker Fork I n.a. 6.44 32.8 15.3 n.a. n.a. 
 P n.a. 6.35 45.6 34.6 3.5 3.2 
Wet Fork I n.a. 6.49 61.7 46.4 7.1 5.7 
 P n.a. 6.44 51.2 32.3 4.0 3.3 
Goff Hollow I n.a. 6.16 40.6 18.2 5.2 3.7 
 P n.a. 6.03 42.4 18.4 2.9 2.4 
Falling Rock Branch I n.a. 6.23 41.8 18.5 2.7 2.5 
  P n.a. 6.35 47.2 34.1 2.7 2.5 
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Table 6. Comparison of leaf processing coefficients between temporary and d perennial 
reaches during 2007–2008. na = data not collected in this study reach. * p < 0.05, ** p < 
0.01, *** p < 0.001. 
              
       
Subwatershed Stream reach     
 Temporary    Perennial   
 -k r2  -k r2  
        
  
    
       
Little Millseat 0.017 0.87 ** 0.010 0.97 *** 
Shelly Rock Fork South 0.007 0.93 *** 0.022 0.82 ** 
Shelly Rock Fork West 0.018 0.91 *** 0.011 0.77 *** 
Booker Fork 0.024 0.73 * 0.012 0.97 *** 
Wet Fork 0.026 0.80 ** 0.012 0.82 ** 
Goff Hollow na na na 0.011 0.96 *** 
Falling Rock Branch 0.009 0.93 *** 0.012 0.92 *** 
              
       
 
 
Non-tanypod Chironomidae (temporary-21%, 10%-perennial), Pycnopsyche spp. (10%, 
7%), Leuctra spp. (10%, 8%), Ameletus sp. (9%, 16%), tanypod Chironomidae (8%, 7%), 
Paraleptophlebia sp. (7%, 6%), Lepidostoma sp. (6%, 8%), and Eurylophella sp. (6%, 
6%) were the most-numerically taxa in both reaches.  These taxa comprised 78% and 
68% of the total density collected in the temporary and perennial stream reaches, 
respectively, 
 Shredder taxa dominated functional feeding group biomass on the leaf packs 
(temporary-77%, perenial-72%), followed by gathering-collectors (temporary-12%, 
17%). Six taxa contributed high portions to the total biomass found in the leaf packs 
(Table 13). Due to larger body sizes, the shredder taxa Pycnopsyche spp. (temporary-
61%. perennial-50%) and Tipula abdominalis (8%, 10%). Lepidostoma sp. (5%, 7%),  
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Figures 4a-4b. 2007-2008 % mass remaining of leaf packs in the temporary (a) and 
perennial (b) stream reaches during the 150 d study period. 
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Figure 5. Mean breakdown rate (k/d) between temporary and perennial stream segments. 
 
Eurylophella sp. (5%, 6%), Ameletus sp. (3%, 5%), and Nigronia sp. (4%, 3%) also 
contributed relatively higher levels the total biomass found in the leaf packs.  
Forest harvesting practices 
Temporary reaches – leaf processing and macroinvertebrate community structure 
I found no significant differences in breakdown rates between the control and 
treatment streams. (F = 0.64; p = 0.81,) (Fig. 12). No distinct response in breakdown 
rates was detected after logging activities. Breakdown rates in the control and treatment 
streams varied with time and within control and treatment groups (Table 13).  
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Table 7. Mean individual functional groups abundance (no.) per leaf pack (LP) in the ephemeral and downstream perennial 
channels during 2007–2008. SHR = shredders, SCR = scrapers, FC = filtering-collectors, GC = gathering-collectors, PR = 
predators. na = data not collected in this study reach. 
                  
         
Stream reach Subwatershed n SHR SCR FC GC PR Total 
                  
         
Temporary  Little Millseat 23 8.2 0.5 0 7.3 3.6 19.6 
 Shelly Rock Fork South 12 6.2 0.5 0 14.0 3.1 23.8 
 Shelly Rock Fork West 23 7.9 0.6 0 9.1 2.4 20.0 
 Booker Fork 22 5.1 0.0 0 10.4 3.0 18.5 
 Wet Fork 24 6.6 < 0.1 0 5.8 3.1 15.5 
 Goff Hollow na na na na na na na 
 Falling Rock Branch 24 6.5 0.3 < 0.1 13.6 4.5 25.0 
         
Perennial Little Millseat 20 3.4 0.1 1.0 12.5 3.0 19.9 
 Shelly Rock Fork South 13 4.5 0.1 0.1 5.4 1.5 11.6 
 Shelly Rock Fork West 14 6.9 0.1 0.0 6.3 3.1 16.4 
 Booker Fork 24 7.3 0.3 0.0 5.5 1.9 14.9 
 Wet Fork 24 2.8 0.5 0.4 3.1 1.6 8.4 
 Goff Hollow 25 7.2 < 0.1 0.0 8.8 0.8 16.8 
 Falling Rock Branch 25 3.9 0.1 0.0 7.7 1.7 13.5 
                  
  
      
         
Table 8. Mean individual functional groups abundance (no.) per dry mass leaf pack remaining (g AFDM LP) in the temporary 
and downstream perennial channels during 2007–2008. SHR = shredders, SCR = scrapers, FC = filtering-collectors, GC = 
gathering-collectors, PR = predators. na = data not collected in this study reach. 
                  
         
Stream reach Subwatershed n SHR SCR FC GC PR Total 
                  
         
Temporary Little Millseat 23 9.0 1.1 0 6.4 5.9 22.4 
 Shelly Rock Fork South 12 3.5 0.3 0 7.5 1.8 13.1 
 Shelly Rock Fork West 23 12.1 1.3 0 13.5 4.8 31.6 
 Booker Fork 22 6.1 0 0 15.5 12.4 34.0 
 Wet Fork 24 11.9 0.8 0 26.4 9.5 48.5 
 Goff Hollow na na na na na na na 
 Falling Rock Branch 24 4.0 0.2 < 0.1 8.2 2.9 15.3 
         
Perennial Little Millseat 20 1.8 0.1 0.8 8.2 2.5 13.3 
 Shelly Rock Fork South 13 8.3 0 0 8.4 2.2 18.9 
 Shelly Rock Fork West 14 5.4 0.1 0 4.1 4.4 14.0 
 Booker Fork 24 5.0 0.3 0 3.7 1.4 10.3 
 Wet Fork 24 1.6 0.9 0.2 2.5 1.5 6.7 
 Goff Hollow 25 3.7 0 0 6.0 0.5 10.2 
 Falling Rock Branch 25 4.0 0.1 0 5.3 1.2 10.6 
                  
  
      
                       
      
Table 9. Mean individual functional groups biomass (mg) per leaf pack (LP) in the temporary and downstream perennial 
channels during 2007–2008. SHR = shredders, SCR = scrapers, FC = filtering-collectors, GC = gathering-collectors, PR = 
predators. na = data not collected in this study reach. 
                  
         
Stream reach Subwatershed n SHR SCR FC GC PR Total 
                  
         
Temporary Little Millseat 23 21.5 0.4 0 2.2 2.1 26.2 
 Shelly Rock Fork South 12 8.1 0.3 0 2.9 1.7 13.0 
 Shelly Rock Fork West 23 20.1 0.3 0 2.8 3.3 26.5 
 Booker Fork 22 19.1 0.0 0 4.0 1.3 24.4 
 Wet Fork 24 28.6 < 0.1 0 1.8 1.0 31.5 
 Goff Hollow na na na na na na na 
 Falling Rock Branch 24 14.7 0.1 < 0.1 3.2 2.8 20.8 
         
Perennial Little Millseat 20 12.6 < 0.1 0.1 3.5 0.8 17.1 
 Shelly Rock Fork South 13 18.5 < 0.1 < 0.1 2.3 1.5 22.4 
 Shelly Rock Fork West 14 9.1 < 0.1 0 4.1 3.9 17.1 
 Booker Fork 24 17.4 0 0 1.5 1.1 20.1 
 Wet Fork 24 7.7 0 0.2 1.7 1.9 11.7 
 Goff Hollow 25 11.3 < 0.1 0 2.2 1.5 14.9 
 Falling Rock Branch 25 10.2 0 0 3.6 1.6 15.5 
                  
  
       
         
Table 10. Mean individual functional groups biomass (mg) per dry mass leaf pack remaining (g AFDM LP) in the temporary and 
downstream perennial channels during 2007–2008. SHR = shredders, SCR = scrapers, FC = filtering-collectors, GC = 
gathering-collectors, PR = predators. na = data not collected in this study reach. 
                  
         
Stream reach Subwatershed n SHR SCR FC GC PR Total 
                  
         
Temporary Little Millseat 23 14.6 0.3 0 1.5 1.4 17.9 
 Shelly Rock Fork South 12 3.6 0.2 0 1.8 0.7 6.3 
 Shelly Rock Fork West 23 27.9 0.8 0 5.0 5.1 38.8 
 Booker Fork 22 21.6 0 0 7.5 2.0 31.1 
 Wet Fork 24 41.7 0.5 0 12.9 2.1 57.2 
 Goff Hollow na na na na na na na 
 Falling Rock Branch 24 9.5 0.1 0 2.2 1.6 13.4 
         
Perennial Little Millseat 20 7.4 0.1 0.1 2.5 0.6 10.6 
 Shelly Rock Fork South 13 31.2 0 0 3.9 0.5 35.6 
 Shelly Rock Fork West 14 7.3 0.1 0 3.2 2.3 12.9 
 Booker Fork 24 12.7 0.1 0 1.3 0.9 15.0 
 Wet Fork 24 3.8 0.4 0.1 1.3 1.0 6.7 
 Goff Hollow 25 7.2 0 0 1.7 1.0 9.9 
 Falling Rock Branch 25 7.8 0.1 0 3.2 1.1 12.2 
                  
  
               
 
Table 11. Summary of t-test results comparing functional feeding group (FFG) abundance (no./LP and no./g AFDM LP 
remaining) and biomass (mg/LP, mg/g AFDM LP) between temporary and perennial channels during 2007-2008. SHR = 
shredders, SCR = scrapers, FC = filtering-collectors, GC = gathering-collectors, PR = predators, T  = temporary, P = perennial. 
* p < 0.05, ** p < 0.01, *** p < 0.001. ns = not significant. 
                          
             
Abundance FFG Mean values    Biomass value FFG Mean values   
  T P t-stat     T P t-stat  
                          
             
no./LP SHR 6.8 5.1 2.4 *  mg/LP SHR 19.7 12.0 3.2 ** 
 SCR 0.3 0.2 1.4 ns   SCR 0.2 0.1 1.6 ns 
 FC < 0.1 0.2 -1.5 ns   FC < 0.01 0.1 -2.0 ns 
 GC 9.7 7.1 2.0 *   GC 2.8 2.6 0.4 ns 
 PR 3.3 1.9 4.0 ***   PR 2.1 1.7 0.8 ns 
 Total 20.1 14.4 3.0 **   Total 24.7 16.5 3.1 ** 
             
no./g AFDM LP SHR 8.1 3.9 2.9 **  mg/g AFDM LP SHR 21.3 9.7 2.9 ** 
 SCR 0.7 0.3 1.6 ns   SCR 0.3 0.1 1.6 ns 
 FC < 0.1 0.1 -1.3 ns   FC < 0.01 < 0.1 -2.0 ns 
 GC 13.4 5.2 3.1 **   GC 5.5 2.3 2.3 * 
 PR 6.5 1.8 2.7 **   PR 2.3 1.0 1.9 ns 
 Total 28.7 11.3 3.6 ***   Total 29.0 13.4 3.4 *** 
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Figures 6a-6h. 2007-2008 mean shredder biomass (a-d) and abundance (e-h) in the 
perennial and temporary leaf packs.  Little Millseat (LM), Shelly Rock South (SRS), 
Shelly Rock West (SRW), Booker Fork (BF), Wet Fork (WF), Goff Hollow (GH), and 
Falling Rock Branch (FRB). Bar = standard error (1.00) 
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Figures 7a-7h.  2007-2008 mean gatherer-collector biomass (a-d) and abundance (e-h) in 
the temporary and perennial leaf packs. Little Millseat (LM), Shelly Rock South (SRS), 
Shelly Rock West (SRW), Booker Fork (BF), Wet Fork (WF), Goff Hollow (GH), and 
Falling Rock Branch (FRB). Bar = standard error (1.00) 
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Figures 8a-8h. 2007-2008 mean predator biomass (a-d) and abundance (e-h) in the 
temporary and perennial stream leaf packs. Little Millseat (LM), Shelly Rock South 
(SRS), Shelly Rock West (SRW), Booker Fork (BF), Wet Fork (WF), Goff Hollow (GH), 
and Falling Rock Branch (FRB). Bar = standard error (1.00) 
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Figures 9a-9h. 2007-2008 mean scraper biomass (a-d) and abundance (e-h) in the 
temporary and perennial stream reach leaf packs. Little Millseat (LM), Shelly Rock South 
(SRS), Shelly Rock West (SRW), Booker Fork (BF), Wet Fork (WF), Goff Hollow (GH), 
and Falling Rock Branch (FRB). Bar = standard error (1.00) 
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Figures 10a-10h. 2007-2008 mean filterer-collector biomass (a-d) and abundance (e-h) 
in the temporary and perennial stream reach leaf packs. Little Millseat (LM), Shelly 
Rock South (SRS), Shelly Rock West (SRW), Booker Fork (BF), Wet Fork (WF), 
Goff Hollow (GH), and Falling Rock Branch (FRB).  Bar = standard error (1.00) 
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Figures 11a-11h. 2007-2008 mean total macroinvertebrate biomass (a-d) and abundance 
(e-h) in the temporary and perennial stream reach leaf packs. Little Millseat (LM), Shelly 
Rock South (SRS), Shelly Rock West (SRW), Booker Fork (BF), Wet Fork (WF), Goff 
Hollow (GH), and Falling Rock Branch (FRB).  Bar = standard error (1.00)  
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Table 12. Summary of combined mean individual macroinvertebrate taxa density (no./LP) 
and macroinvertebrate taxa biomass (mg/LP) values of the macroinvertebrate taxa by 
stream reach type and functional feeding groups (FFG). SHR = shredders, SCR = 
scrapers, FC = filtering-collectors, GC = gathering-collectors, PR = predators. 
  
 
    
FFG Taxa  Temporary Perennial 
      no./LP mg/LP no./LP mg/LP 
  
 
      
SHR Leuctridae Leuctra sp. 2.0 0.3 1.2 0.2 
 Nemouridae Amphinemura sp. 0.3 0.1 0.5 0.1 
  Ostrocerca sp. 0.1 < 0.1 0.1 < 0.1 
  Prostoia sp. < 0.1 < 0.1 0.1 < 0.1 
  Soyedina sp. < 0.1 < 0.1 0.0 0.0 
 Capniidae Allocapnia sp. 0.6 0.4 0.6 0.3 
 Peltoperlidae Peltoperla arcuata 0.1 < 0.1 0.1 < 0.1 
 Lepidostomatidae Lepidostoma  sp. 1.3 1.2 1.2 1.2 
 Limnephilidae Pycnopsyche sp. 2.0 14.6 1.1 8.6 
 Tipulidae Tipula abdominalis 0.1 1.8 0.1 1.7 
  Molophilus sp. 0.1 < 0.1 0.1 0.1 
SCR Glossosomatidae Agapetus sp. 0.0 0.0 < 0.1 < 0.1 
 Molannidae Molanna sp. 0.1 0.1 0.1 < 0.1 
 Elmidae Stenelmis sp. 0.2 < 0.1 0.1 < 0.1 
 Psephenidae Ectopria nervosa 0.1 0.1 < 0.1 < 0.1 
FC Sphaeriidae Sphaerium sp. 0.0 0.0 0.1 < 0.1 
 Simuliidae Prosimulium sp. 0.0 0.0 0.1 < 0.1 
  Simulium sp. < 0.1 < 0.1 < 0.1 < 0.1 
GC Oligochaeta  0.5 0.2 0.8 0.2 
 Ameletidae Ameletus sp. 1.9 0.6 2.4 0.8 
 Baetidae Centroptilum sp < 0.1 < 0.1 < 0.1 < 0.1 
 Ephemerellidae Ephemerella sp. 0.3 0.1 0.5 0.3 
  Eurylophella sp. 1.3 1.1 0.9 1.1 
 Leptophlebiidae Paraleptophlebia sp. 1.5 0.5 0.9 0.3 
  Habrophlebia vibrans 0.1 < 0.1 0.1 < 0.1 
 Ephemeridae Ephemera sp. < 0.1 < 0.1 0 0 
 Chironomidae Non-Tanypodinae 4.4 0.4 1.5 0.2 
 Ceratopogonidae Atriopogon sp. < 0.1 < 0.1 < 0.1 < 0.1 
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Table 12 (continued). Summary of combined mean individual macroinvertebrate taxa 
density (no./LP) and macroinvertebrate taxa biomass (mg/LP) values of the 
macroinvertebrate taxa by stream reach type and functional feeding groups (FFG). SHR 
= shredders, SCR = scrapers, FC = filtering-collectors, GC = gathering-collectors, PR = 
predators. 
  
 
    
FF
G Taxa  Temporary 
Perennia
l  
      
no./L
P 
mg/L
P no./LP 
mg/L
P 
       
PR Turbellaria < 0.1 < 0.1 < 0.1 < 0.1 
 
Cordulegastrida
e Cordulegaster sp. < 0.1 < 0.1 0 0 
 Chloroperlidae Sweltsa sp. < 0.1 < 0.1 0.1 < 0.1 
 Perlodidae 
Perlodidae sp. 
(immature) < 0.1 0.2 0.1 < 0.1 
  Isoperla spp. 0.1 < 0.1 < 0.1 < 0.1 
  Remenus bilobatus 0.1 < 0.1 < 0.1 < 0.1 
  Clioperla sp. < 0.1 < 0.1 0.1 0.4 
  Yugus kirchneri < 0.1 < 0.1 < 0.1 0.1 
  Diploperla sp. 0.1 0.1 0.1 0.1 
 Odontoceridae Pseudogoera sp. < 0.1 < 0.1 0 0 
 Rhyacophilidae Rhyacophila sp. 0.1 0.3 0.1 0.2 
 Chironomidae Tanypodinae 1.7 0.3 1 0.2 
 
Ceratopogonida
e Ceratopogon sp. 0.4 < 0.1 0.2 < 0.1 
  Bezzia sp. 0.2 < 0.1 0.2 < 0.1 
 Tipulidae Pilaria sp. 0.1 < 0.1 < 0.1 < 0.1 
  Hexatoma sp. 1 0.1 0.2 0.1 0.2 
 Tabanidae Tabanus sp < 0.1 0.2 < 0.1 < 0.1 
  Chrysops sp. 0.1 < 0.1 < 0.1 < 0.1 
 Corydalidae Nigronia sp. 0.1 0.8 0.1 0.5 
 Sialidae Sialis sp. 0 0 < 0.1 < 0.1 
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Results from repeated measures ANOVAs indicated that based on functional 
feeding groups, macroinvertebrate community structure on leaf packs was not statistically 
significant between control and experimental groups (Table 14).  Mean 
macroinvertebrate abundance and biomass varied over space and time (Tables 15–18). 
Thirty-nine different taxa were collected pre-harvest from leaf packs in the 
control and treatment streams (Table 19). Similar faunal diversity was found in all 
streams (39-control, 39-temporary).  Pre-harvest, gathering-collectors taxa dominated 
leaf pack abundance (51%, 49%), with shredder taxa following (32%, 35%). Non-
tanypod chironomidae (19%, 26%), Leuctra spp. (10%, 10 %), Lepidostoma sp. (8%, 
5%), Pycnopsyche spp. (9%, 11%), Ameletus sp. (13%, 6%), Eurylophella sp. (10%, 3%), 
Paraleptophlebia sp. (5%, 10%), and tanypod Chironomidae (9%, 8%) consisted of a 
major portion to macroinvertebrate abundance (83%, 79 %, respectively).  Community 
biomass was dominated by shredders (77%-control, 80%-treatment), withgathering-
collectors following (13%-control, 11%-treatment). Taxonomically, Pycnopsyche spp. 
(60%, 65%), Tipula abdominalis (9%, 6%), Eurylophella sp. (6%, 3%), and Lepidostoma 
sp. (6%, 4%) contributed most to community biomass. 
Post-harvest, treatment streams had higher taxa diversity than the control streams 
(34-control, 43-treatment). The shredder functional feeding group dominated control and 
treatment abundance (46%, 39%), with gathering-collectors following (25%, 37%). There 
was a taxonomic overlap in the top eight fauna with the highest abundance in both 
streams. Non-tanypod Chironomidae (14%, 30%) and Leuctra spp. (23%, 17%) were the 
most abundant taxa in both stream groups. Again, community biomass was dominated by 
shredders (88%-control, 72%-treatment), with predators following (5%, 18%). 
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Pycnopsyche spp. again contributed significantly to community biomass due to their large 
body size (82%-control, and 52%-treatment). 
 
Perennial reaches- leaf processing and macroinvertebrate community structure 
I found no significant differences between control and treatment streams in the 
perennial reaches (p = 0.38, F = 0.98; Fig. 13). No distinct response in breakdown rates 
was detected after logging activities.  Breakdown rates in the control and treatment 
streams varied within each experimental group pre-and post-harvest (Table 20) 
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Figure 12. Pre- and post-harvesting breakdown rates (-k) in the temporary control and 
treatment streams 
  
        
             
 
 
 
  
 
 
 
 
Table 13. Comparison of leaf processing coefficients between pre-harvesting and post-harvesting 
sampling dates in the temporary reaches. C-contol, T-treatment stream. * p < 0.05, ** p < 0.01, *** p < 
0.001.  
                
        
Subwatershed       
 Treatment Pre-harvest   Post-harvest   
  -k r2  -k r2  
                
        
Little Millseat C 0.017 0.87 ** 0.012 0.97 ** 
Booker Fork C 0.024 0.73 * 0.01 0.92 * 
Falling Rock Branch C 0.009 0.93 *** 0.009 0.95 ** 
Shelly Rock Fork South T 0.007 0.93 *** 0.01 0.97 ** 
Shelly Rock Fork West T 0.018 0.91 *** 0.009 0.97 ** 
Wet Fork T 0.026 0.80 ** 0.018 0.72 * 
                
        
  
        
                                     
         
 
 
 
 
 
 
 
Table 14. Summary of repeated measures ANOVA results comparing temporary reach functional feeding group (FFG) 
abundance (no./LP) and biomass (mg/LP) between control and treatment streams in pre-harvest and post-harvest 
sampling dates. SHR = shredders, SCR = scrapers, FC = filtering-collectors, GC = gathering-collectors, PR = predators, * 
p < 0.05, ** p < 0.01, *** p < 0.001. ns = not significant. 
             
             
Abundance FFG Values 
    
Biomass value FFG Values 
   
  
F P 
     
F P 
  
             
             
no./LP SHR 0.5 0.5 ns 
  
mg/LP SHR 0.1 0.8 ns 
 
 
SCR 0.6 0.5 ns 
   
SCR 0.0 0.9 ns 
 
 
FC 0.5 0.5 ns 
   
FC 0.2 0.7 ns 
 
 
GC 3.2 0.1 ns 
   
GC 1.3 0.3 ns 
 
 
PR 0.6 0.5 ns 
   
PR 4.6 0.1 ns 
 
 
Total 1.1 0.4 ns 
   
Total 0.5 0.5 ns 
 
             
  
        
                                    
                                     
 
 
 
 
Table 15. Mean individual functional groups abundance (no.) per leaf pack (LP) in the control and treatment temporary 
channels pre- and pos-harvest. C = control, T = treatment . SHR = shredders, SCR = scrapers, FC = filtering-collectors, 
GC = gathering-collectors, PR = predators. 
                    
          
Stream reach Subwatershed Group n SHR SCR FC GC PR Total 
                    
          
Pre-harvest Little Millseat C 23 8.2 0.5 0 7.3 3.6 19.6 
 Booker Fork C 22 5.1 0.0 0 10.4 3.0 18.5 
 Falling Rock Branch C 24 6.5 0.3 < 0.1 13.6 4.5 25.0 
 Shelly Rock Fork South T 12 6.2 0.5 0 14.0 3.1 23.8 
 Shelly Rock Fork West T 23 7.9 0.6 0 9.1 2.4 20.0 
 Wet Fork T 24 6.6 < 0.1 0 5.8 3.1 15.5 
          
Post-harvest Little Millseat C 15 19.0 1.3 9.7 8.9 8.0 46.9 
 Booker Fork C 9 14.2 0.8 2.0 14.3 7.6 38.9 
 Falling Rock Branch C 8 17.9 0.0 0.6 6.8 2.4 27.6 
 Shelly Rock Fork South T 13 15.6 0.2 4.6 18.8 13.0 52.0 
 Shelly Rock Fork West T 15 38.5 0.1 0.7 40.7 16.3 96.2 
 Wet Fork T 13 15.1 0.3 0.5 9.2 6.9 31.9 
                    
  
           
    
              
 
 
  
 
Table 16. Mean individual functional groups biomass (mg) per leaf pack (LP) in the control and treatment temporary 
channels pre-and post-harvest. C = control, T = treatment. SHR = shredders, SCR = scrapers, FC = filtering-collectors, 
GC = gathering-collectors, PR = predators. 
                    
          
Stream reach Subwatershed Group n SHR SCR FC GC PR Total 
                    
          
Pre-harvest Little Millseat C 23 21.5 0.4 0 2.2 2.1 26.2 
 Booker Fork C 22 19.1 0.0 0 4.0 1.3 24.4 
 Falling Rock Branch C 24 14.7 0.1 < 0.1 3.2 2.8 20.8 
 Shelly Rock Fork South T 12 8.1 0.3 0 2.9 1.7 13.0 
 Shelly Rock Fork West T 23 20.1 0.3 0 2.8 3.3 26.5 
 Wet Fork T 24 28.6 < 0.1 0 1.8 1.0 31.5 
          
Post-harvest Little Millseat C 15 29.4 0.7 0.9 1.1 1.0 33.1 
 Booker Fork C 9 24.7 0.4 0.3 1.3 1.7 28.4 
 Falling Rock Branch C 8 13.6 0 0.1 0.8 1.6 16.1 
 Shelly Rock Fork South T 13 12.2 0.2 0.6 3.5 5.8 22.3 
 Shelly Rock Fork West T 15 44.9 0.46 0.2 5.9 10.8 62.3 
 Wet Fork T 13 23.6 0.15 0.1 1.5 4.7 30.0 
                    
  
           
   
              
 
Table 17. Mean individual functional groups abundance (no.) per dry mass leaf pack remaining (g AFDM LP) in the control 
and treatment temporary channels pre- and post-harvest. C = control, T = treatment. SHR = shredders, SCR = scrapers, 
FC = filtering-collectors, GC = gathering-collectors, PR = predators.  
                    
          
Stream reach Subwatershed Group n SHR SCR FC GC PR Total 
                    
          
Pre-harvest Little Millseat C 23 9.0 1.1 0 6.4 5.9 22.4 
 Booker Fork C 22 6.1 0 0 15.5 12.4 34.0 
 Falling Rock Branch C 24 4.0 0.2 < 0.1 8.2 2.9 15.3 
 Shelly Rock Fork South T 12 3.5 0.3 0 7.5 1.8 13.1 
 Shelly Rock Fork West T 23 12.1 1.3 0 13.5 4.8 31.6 
 Wet Fork T 24 11.9 0.8 0 26.4 9.5 48.5 
          
Post-harvest Little Millseat C 15 14.9 1.1 8.5 7 7.1 38.6 
 Booker Fork C 9 9.9 0.6 1.4 9.9 5.3 27.1 
 Falling Rock Branch C 8 10.5 0 0 4.1 1.5 16.5 
 Shelly Rock Fork South T 13 9.4 0.2 3 10.9 7.9 31.7 
 Shelly Rock Fork West T 15 25.4 0.1 0.5 24.8 9.8 60.4 
 Wet Fork T 13 18.9 0.2 0.8 10.6 9.1 39.6 
                    
  
                       
                                         
            
 
 
Table 18. Mean individual functional groups biomass (mg) per dry mass leaf pack remaining (g AFDM LP) in the control 
and treatment temporary channels pre- and post-harvest. C = control,T = treatment SHR = shredders, SCR = scrapers, 
FC = filtering-collectors, GC = gathering-collectors, PR = predators. 
                    
          
Stream reach Subwatershed Group n SHR SCR FC GC PR Total 
                    
          
Pre-harvest Little Millseat C 23 14.6 0.3 0 1.5 1.4 17.9 
 Booker Fork C 22 21.6 0 0 7.5 2.0 31.1 
 Falling Rock Branch C 24 9.5 0.1 0 2.2 1.6 13.4 
 Shelly Rock Fork South T 12 3.6 0.2 0 1.8 0.7 6.3 
 Shelly Rock Fork West T 23 27.9 0.8 0 5.0 5.1 38.8 
 Wet Fork T 24 41.7 0.5 0 12.9 2.1 57.2 
          
Post-harvest Little Millseat C 15 22.9 0.5 0.9 1 0.9 26.2 
 Booker Fork C 9 18.2 0.3 0.2 1.0 1.1 20.9 
 Falling Rock Branch C 8 8.0 0 0.1 0.5 1.0 9.6 
 Shelly Rock Fork South T 13 6.8 0.1 0.5 2.3 3.5 13.1 
 Shelly Rock Fork West T 15 26.1 0.3 0.1 3.6 5.4 35.5 
 Wet Fork T 13 36.9 0.1 0.2 2.0 3.8 42.9 
                    
  
                       
                                          
                   
Table 19. Summary of combined mean individual macroinvertebrate taxa density (no./LP) and macroinvertebrate taxa 
biomass (mg/LP) values of the macroinvertebrate taxa by experimental groups and functional feeding groups (FFG) 
during pre-harvest and post-harvest studies in the temporary stream reaches. SHR = shredders, SCR = scrapers, FC = 
filtering-collectors, GC = gathering-collectors, PR = predators. 
                      
  
 
        
   Pre-Harvest   Post-Harvest   
FFG Taxa  Control Treatment Control Treatment 
      no./LP mg/LP no./LP mg/LP no./LP mg/LP no./LP mg/LP 
           
SHR Leuctridae Leuctra sp. 1.97 0.2 2 0.43 8.3 0.57 10.3 0.8 
 Nemouridae Amphinemura sp. 0.41 0.1 0.25 < 0.1 0.34 < 0.1 3.76 0.6 
  Ostrocerca sp. 0.1 < 0.1 0.1 < 0.1 1.49 0.12 1.27 0.13 
  Prostoia sp. < 0.1 < 0.1 < 0.1 < 0.1 0 0 < 0.1 0.1 
  Soyedina sp. < 0.1 < 0.1 0 0 0 0 0.12 0.13 
 Capniidae Allocapnia sp. 0.31 0.17 0.97 0.59 0.53 0.25 0.3 0.22 
 Peltoperlidae Peltoperla arcuata 0.1 < 0.1 0.1 < 0.1 0 0 0.9 1.94 
 Lepidostomatidae Lepidostoma  sp. 1.71 1.44 0.97 0.89 2.1 0.46 3.5 0.98 
 Limnephilidae Pycnopsyche sp. 1.76 14.36 2.21 14.88 4 20.93 2.2 19.92 
 Hydroptilidae Stacobiella sp. 0 0 0 0 0 0 0.03 < 0.1 
 Tipulidae Tipula abdominalis 0.18 2.16 0.1 1.3 0.1 0.14 0.17 2.1 
  Molophilus sp. 0.1 < 0.1 0.1 < 0.1 0.16 0.1 0.48 0.29 
SCR Molannidae Molanna sp. 0.1 0.1 0.1 < 0.1 0.6 0.35 0.12 0.1 
 Uenoidae Neophylax sp.  0 0 0 0 0.1 < 0.1 0 0 
 Elmidae Stenelmis sp. 0.11 < 0.1 0.24 0.1 < 0.1 < 0.1 0 0 
 Psephenidae Ectopria nervosa 0.1 0.1 0.1 0.1 < 0.1 < 0.1 0.1 < 0.1 
 Odontoceridae Psilotrea sp. 0 0 0 0 0 0 < 0.1 0.16 
FC Sphaeriidae Sphaerium sp. 0 0 0 0 3.9 0.42 1.6 0.2 
 Simuliidae Prosimulium sp. 0 0 0 0 0.21 < 0.1 0.14 0.1 
  Simulium sp. < 0.1 < 0.1 0 0 0 0 0 0 
   Stegopterna sp. 0 0 0 0 0 0 0.12 < 0.1 
  
                       
                                          
                  
 
Table 19 (continued). Summary of combined mean individual macroinvertebrate taxa density (no./LP) and macroinvertebrate 
taxa biomass (mg/LP) values of the macroinvertebrate taxa by experimental groups and functional feeding groups (FFG) during 
pre-harvest and post-harvest studies in the temporary stream reaches. SHR = shredders, SCR = scrapers, FC = filtering-
collectors, GC = gathering-collectors, PR = predators. 
                      
  
 
        
   Pre-Harvest   Post-Harvest   
FFG Taxa  Control Treatment Control Treatment 
      no./LP mg/LP no./LP mg/LP no./LP mg/LP no./LP mg/LP 
           
GC Oligochaeta  0.38 0.41 0.54 < 0.1 0.95 0.3 1.56 0.1 
 Ameletidae Ameletus sp. 2.72 0.68 1.17 0.56 1.97 0.43 0.94 0.75 
 Baetidae Centroptilum sp 0 0 < 0.1 < 0.1 0 0 0 0 
 Ephemerellidae Ephemerella sp. 0.38 0.11 0.17 0.12 0.28 0.1 0.1 0.1 
  Eurylophella sp. 1.96 1.51 0.68 0.64 0.18 0.1 0.8 0.83 
 Leptophlebiidae Paraleptophlebia sp. 1.01 0.35 1.9 0.73 0.51 < 0.1 0.72 < 0.1 
  Habrophlebia vibrans 0.11 < 0.1 < 0.1 < 0.1 0 0 0 0 
 Chironomidae Non-Tanypodinae 3.82 0.39 5 0.4 5.2 0.39 18 1.72 
 Ceratopogonidae Atriopogon sp. 0.1 < 0.1 < 0.1 < 0.1 0 0 0 0 
PR Turbellaria  0 0 < 0.1 < 0.1 0.9 < 0.1 1.9 0.1 
 Cordulegastridae Cordulegaster sp. < 0.1 < 0.1 0.1 < 0.1 < 0.1 < 0.1 0.11 0.13 
 Chloroperlidae Sweltsa sp. 0 0 < 0.1 < 0.1 0.13 0.18 0.67 0.71 
 Perlodidae Perlodidae sp. (immature) 0.31 0.1 0.15 < 0.1 0.28 < 0.1 0.15 < 0.1 
  Isoperla spp. < 0.1 < 0.1 0.1 < 0.1 0.5 0.19 0.37 0.26 
  Remenus bilobatus < 0.1 0.1 0.17 < 0.1 0.2 < 0.1 0.1 0.1 
  Clioperla sp. 0.1 < 0.1 < 0.1 < 0.1 0 0 0 0 
  Yugus kirchneri 0.1 < 0.1 0 0 0 0 0 0 
    Diploperla sp. 0.1 0.1 0.1 0.1 0.4 0.11 0.29 < 0.1 
  
 
        
  
                       
                                                                     
                
Table 19 (continued). Summary of combined mean individual macroinvertebrate taxa density (no./LP) and 
macroinvertebrate taxa biomass (mg/LP) values of the macroinvertebrate taxa by experimental groups and functional 
feeding groups (FFG) during pre-harvest and post-harvest studies in the temporary stream reaches. SHR = shredders, 
SCR = scrapers, FC = filtering-collectors, GC = gathering-collectors, PR = predators. 
                      
  
 
        
   Pre-Harvest   Post-Harvest   
FFG Taxa  Control Treatment Control Treatment 
      no./LP mg/LP no./LP mg/LP no./LP mg/LP no./LP mg/LP 
PR Odontoceridae Pseudogoera sp 0 0 < 0.1 < 0.1 0 0 0 0 
 Rhyacophilidae Rhyacophila sp. 0.1 0.19 0.1 0.37 0.2 0.46 0.58 0.8 
 Polycentipodidae Polycentropus sp. 0 0 0 0 0 0 < 0.1 < 0.1 
 Chironomidae Tanypodinae 1.89 0.33 1.47 0.2 1.2 0.19 4.5 0.62 
 Ceratopogonidae Ceratopogon sp. 0.5 < 0.1 0.32 < 0.1 1.83 0.1 2.7 0.1 
  Bezzia sp. 0.24 < 0.1 0.1 < 0.1 0.1 < 0.1 0.18 < 0.1 
 Tipulidae Pilaria sp. 0.1 < 0.1 0.1 < 0.1 0 0 0.21 0.1 
  Hexatoma sp. 1 0.1 0.22 0.14 0.19 0.1 < 0.1 < 0.1 < 0.1 
  Pedicia sp. 0 0 0 0 0 0 < 0.1 0.27 
  Dicronata sp. 0 0 0 0 0 0 0.1 < 0.1 
 Tabanidae Tabanus sp < 0.1 0.39 0 0 0 0 < 0.1 < 0.1 
  Chrysops sp. 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 0 0 
 Corydalidae Nigronia sp. < 0.1 0.6 0.1 0.95 < 0.1 < 0.1 0.2 3.62 
 Sialidae Sialis sp. 0 0 0 0 0 0 < 0.1 0.01 
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Figure 13. Pre- and post-harvesting breakdown rates (-k) in the perennial control and 
treatment streams. 
 
 
Results from repeated measures ANOVAs indicated that based on functional 
feeding groups, macroinvertebrate community structure on leaf packs was not statistically 
significant between control and experimental groups (Table 21). Mean macroinvertebrate 
abundance and biomass varied over space and time (Tables 22–25). 
Similar faunal diversity was found in pre-harvest control and treatment streams 
(38-control, 39-treatment) (Table 26). Pre-harvest, gathering-collectors taxa dominated 
leaf pack abundance (51%, 40%), followed by shredders (30%, 39%). Eight different 
faunal groups explained 66%-control, and 71%-treatment of the faunal diversity. 
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Ameletus sp. (16%, 9%), Non-tanypod Chironomidae (10%, 14%), Leuctra spp. (8%, 
9%), Lepidostoma sp. (6%, 10%), and Pycnopsyche spp. (8%, 6%) were the most 
abundant taxa in all streams.   Shredders contributed most to community biomass (77%, 
70%), followed by gathering-collectors (15%, 17%). Due to large body size, 
Pycnopsyche spp. contributed most to community biomass (57%, 44%). Tipula 
abdominalis (10%, 14%), and Eurylophella sp. (4%, 9%) also had high biomass levels in 
control and treatment streams. 
Following harvesting, similar faunal diversity was found in the control and 
treatment streams (43-control, 44-treatment). Shredders contributed most to community 
abundance (49%, 42%), followed by gathering-collectors (34%, 36%). Overall 
abundance and biomass levels increased in both control and treatment streams. Non-
tanypod Chironomidae (8%, 21%), Leuctra spp. (8%, 21%), Amphinemura sp. (7%, 5%), 
Lepidostoma sp. (5%, 6%), Pycnopsyche spp. (13%, 8%), and Ephemerella sp. (7%, 2%) 
increased over time and were most abundant in control and treatment streams.  Again, 
shredders contributed most to community biomass (85%, 81%), followed by gathering-
collectors in the control (8%) and predators in the treatment streams (11%). As earlier 
noted, Pycnopsyche spp. contributed most to community biomass (78%, 63%). 
 
Discussion 
Hydrologic gradients 
Leaf processing 
I found the breakdown of yellow-poplar leaves to be similar between the perennial and 
temporary stream reaches. During the 150 d immersion period, leaf packs in both stream 
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reaches were inundated with water. This allowed for physical abrasion, colonization by 
microbial and macroinvertebrate communities, and the use of the leaf matter as a food 
and habitat resource. All breakdown rates were comparable to rates found within the 
literature (Abelho 2001).  
 Kirby et al., (1983) also found no correlation between leaf processing and stream 
gradients in 6 Virginian streams. Slower processing rates in the temporary sections of 
SRS and FR were attributed to accumulated sediments that eventually buried a number of 
leaf packs. Tillman et al., (2003) found slower processing rates in buried leaf packs than 
surface placed leaf packs, while Smith and Lake (1993) found no significant difference in 
buried and surface placed litter breakdown rates.  
My results differ from other studies comparing litter processing rates between 
temporary and perennial streams. Loss of water flow has been shown to reduce the rate of 
leaf processing. In a semi-arid region in Israel, Herbst and Reice (1982) found leaf litter 
processing rates reduced when cyclical stream drying spells occurred in an intermittent 
stream. During water flow, Tate and Gurtz (1986) documented elm leaves were processed 
faster in perennial streams than intermittent streams. Richardson (1990) found similar 
breakdown rates of Alnus rogusa and Fraxinus americana in autumn, but in spring, the 
rates doubled in the perennial reaches and only slightly increased in the intermittent 
streams. My findings indicate that when water is present, organic matter processing will 
function similarly to downstream reaches that have continual water flow. 
  
                       
                                         
                                   
     
 
 
 Table 20. Comparison of leaf processing coefficients between preharvest and postharvest sampling in the  
perennial reaches. C-contol, T-treatment stream.  * p < 0.05, ** p < 0.01, *** p < 0.001.  
                
        
Subwatershed       
 Treatment Pre-harvest   Post-harvest   
  -k r2  -k r2  
                
        
Little Millseat C 0.010 0.97 *** 0.006 0.74 ** 
Booker Fork C 0.012 0.97 *** 0.015 0.93 ** 
Falling Rock Branch C 0.012 0.92 *** 0.015 0.89 * 
Shelly Rock Fork South T 0.022 0.82 ** 0.01 0.96 ** 
Shelly Rock Fork West T 0.011 0.77 *** 0.016 0.75 * 
Wet Fork T 0.012 0.82 ** 0.013 0.92 * 
                
  
                       
                                         
                                  
 
 
Table 21. Summary of repeated measures ANOVA results comparing perennial reach functional feeding group (FFG) 
abundance (no./LP) and biomass (mg/LP) between control and treatment streams in pre-harvest and post-harvest 
sampling dates. SHR = shredders, SCR = scrapers, FC = filtering-collectors, GC = gathering-collectors, PR = predators. * 
p < 0.05, ** p < 0.01, *** p < 0.001. ns = not significant. 
                          
             
Abundance FFG Values     Biomass value FFG Values    
  F P      F P   
                          
             
no./LP SHR 1.6 0.3 ns   mg/LP SHR 0.01 0.9 ns  
 SCR 0.89 0.4 ns    SCR 2.4 0.2 ns  
 FC 0.03 0.9 ns    FC 0.8 0.7 ns  
 GC 0.05 0.8 ns    GC 0.3 0.6 ns  
 PR 3.9 0.1 ns    PR 5.2 
0.0
8 ns  
 Total 0.8 0.4 ns    Total 0.5 0.5 ns  
                          
  
                       
                                         
                                 
 
Table 22. Mean individual functional groups abundance (no.) per leaf pack (LP) in the control and treatment 
perennial channels pre- and post-harvest. C = control, T = treatment. SHR = shredders, SCR = scrapers, FC = 
filtering-collectors, GC = gathering-collectors, PR = predators.  
                    
          
Stream reach Subwatershed Group n SHR SCR FC GC PR Total 
                    
          
Pre-harvest Little Millseat C 20 3.4 0.1 1.0 12.5 3.0 19.9 
 Booker Fork C 24 7.3 0.3 0.0 5.5 1.9 14.9 
 Falling Rock Branch C 25 3.9 0.1 0.0 7.7 1.7 13.5 
 Shelly Rock Fork South T 13 4.5 0.1 0.1 5.4 1.5 11.6 
 Shelly Rock Fork West T 14 6.9 0.1 0.0 6.3 3.1 16.4 
 Wet Fork T 24 2.8 0.5 0.4 3.1 1.6 8.4 
          
Post-harvest Little Millseat C 14 9.4 0 1.6 14.9 3.5 29.42 
 Booker Fork C 15 13.7 0.7 0.3 6.3 4.1 25.3 
 Falling Rock Branch C 10 16.5 0.2 0.7 7.3 4.0 28.7 
 Shelly Rock Fork South T 14 22.3 0.9 1.4 27.6 11.7 64.0 
 Shelly Rock Fork West T 14 13.1 0.4 0.3 5.6 4.9 24.2 
 Wet Fork T 14 17.8 0.4 0.9 11.6 6.1 36.8 
                    
  
                       
                                         
                                    
 
Table 23. Mean individual functional groups biomass (mg) per leaf pack (LP) in the control and treatment 
perennial channels pre- and post-harvest. C = control, T = treatment. SHR = shredders, SCR = scrapers, FC = 
filtering-collectors, GC = gathering-collectors, PR = predators. 
                    
          
Stream reach Subwatershed Group n SHR SCR FC GC PR Total 
                    
          
Pre-harvest Little Millseat C 20 12.6 < 0.1 0.1 3.5 0.8 17.1 
 Booker Fork C 24 17.4 0 0 1.5 1.1 20.1 
 Falling Rock Branch C 25 10.2 0 0 3.6 1.6 15.5 
 Shelly Rock Fork South T 13 18.5 < 0.1 < 0.2 2.3 1.5 22.4 
 Shelly Rock Fork West T 14 9.1 < 0.1 0 4.1 3.9 17.1 
 Wet Fork T 24 7.7 0 0.2 1.7 1.9 11.7 
          
Post-Harvest Little Millseat C 14 23.5 0 0.4 3.5 2.6 29.9 
 Booker Fork C 15 28.7 0.2 0.0 1.4 2.5 32.8 
 Falling Rock Branch C 10 40.1 0.1 0.1 3.6 1.5 45.4 
 Shelly Rock Fork South T 14 26.1 0.7 0.1 3.1 8.9 38.9 
 Shelly Rock Fork West T 14 27.8 0.1 0.1 1.1 3.1 32.3 
 Wet Fork T 14 45.2 0.3 0.3 2.4 2.6 50.8 
                    
  
                       
                                         
                            
 
Table 24. Mean individual functional groups abundance (no.) per dry mass leaf pack remaining (g AFDM LP) in 
the control and treatment perennial channels pre- and post-harvest.  C = control, T = treatment. SHR = 
shredders, SCR = scrapers, FC = filtering-collectors, GC = gathering-collectors, PR = predators. 
                    
          
Stream reach Subwatershed Group n SHR SCR FC GC PR Total 
                    
          
Pre-harvest Little Millseat C 20 1.8 0.1 0.8 8.2 2.5 13.3 
 Booker Fork C 24 5.0 0.3 0 3.7 1.4 10.3 
 Falling Rock Branch C 25 4.0 0.1 0 5.3 1.2 10.6 
 Shelly Rock Fork South T 13 8.3 0 0 8.4 2.2 18.9 
 Shelly Rock Fork West T 14 5.4 0.1 0 4.1 4.4 14.0 
 Wet Fork T 24 1.6 0.9 0.2 2.5 1.5 6.7 
          
Post-harvest Little Millseat C 14 13.1 0 1.1 17.3 4.6 36.1 
 Booker Fork C 15 13.2 0.8 0.3 6.5 4.3 25.2 
 Falling Rock Branch C 10 16.1 0.1 1 8.2 3.4 28.8 
 Shelly Rock Fork South T 14 17.1 0.8 1 20.9 7.9 47.7 
 Shelly Rock Fork West T 14 12.1 1.1 0.1 9.1 4.4 27.0 
 Wet Fork T 14 15.4 0.5 0.8 10.1 5.4 32.1 
                    
  
                       
                                         
                             
Table 25. Mean individual functional groups biomass (mg) per dry mass leaf pack remaining (g AFDM LP) in 
the control and treatment perennial channels pre- and post-harvest. C = control, T = treatment.  SHR = 
shredders, SCR = scrapers, FC = filtering-collectors, GC = gathering-collectors, PR = predators.  
                    
          
Stream reach Subwatershed Group n SHR SCR FC GC PR Total 
                    
          
Pre-harvest Little Millseat C 20 7.4 0.1 0.1 2.5 0.6 10.6 
 Booker Fork C 24 12.7 0.1 0 1.3 0.9 15.0 
 Falling Rock Branch C 25 7.8 0.1 0 3.2 1.1 12.2 
 Shelly Rock Fork South T 13 31.2 0 0 3.9 0.5 35.6 
 Shelly Rock Fork West T 14 7.3 0.1 0 3.2 2.3 12.9 
 Wet Fork T 24 3.8 0.4 0.1 1.3 1.0 6.7 
          
Post-harvest Little Millseat C 14 50 0 0.2 6.3 2.6 59.1 
 Booker Fork C 15 30.0 0.2 0.1 1.7 2.3 34.2 
 Falling Rock Branch C 10 33.7 0.1 0.1 4.9 1.0 39.8 
 Shelly Rock Fork South T 14 16.4 0.5 0.1 2.1 5.6 24.7 
 Shelly Rock Fork West T 14 27.1 0.5 0 2.5 2.2 32.3 
 Wet Fork T 14 39.1 0.4 0.2 2.4 1.6 43.7 
                    
  
                       
                                          
                                                     
 
Table 26. Summary of combined mean individual macroinvertebrate taxa density (no./LP) and macroinvertebrate taxa 
biomass (mg/LP) values of the macroinvertebrate taxa by experimental groups and functional feeding groups (FFG) during 
pre-harvest and post-harvest studies in the perennial stream channels. SHR = shredders, SCR = scrapers, FC = filtering-
collectors, GC = gathering-collectors, PR = predators. 
                      
  
 
        
   Pre-Harvest   Post-Harvest   
FFG Taxa  Control Treatment Control Treatment 
      no./LP mg/LP no./LP mg/LP no./LP mg/LP no./LP mg/LP 
SHR Leuctridae Leuctra sp. 1.3 0.2 1.1 0.2 3 0.4 8.4 0.6 
 Nemouridae Amphinemura sp. 0.5 0.1 0.7 0.2 2.4 0.1 2.0 0.1 
  Ostrocerca sp. < 0.1 < 0.1 0.1 < 0.1 0.2 < 0.1 0.2 < 0.1 
  Prostoia sp. < 0.1 < 0.1 < 0.1 < 0.1 0.1 < 0.1 0.1 < 0.1 
  Soyedina sp. 0.0 0.0 0.0 0.0 < 0.1 < 0.1 0.1 < 0.1 
 Capniidae Allocapnia sp. 0.5 0.3 0.6 0.3 0.3 0.1 0.4 0.2 
 Peltoperlidae Peltoperla arcuata 0.1 < 0.1 0.1 0.1 0.1 < 0.1 0.1 0.1 
 Lepidostomatidae Lepidostoma  sp. 1.0 1.0 1.2 1.2 2.0 0.7 2.4 0.6 
 Limnephilidae Pycnopsyche sp. 1.3 9.8 0.8 7.4 4.9 28.4 3.0 24.7 
 Tipulidae Tipula abdominalis 0.1 1.7 0.2 2.4 0.1 1.1 0.4 5.4 
  Molophilus sp. 0.1 0.1 0.2 0.1 0.3 0.2 0.6 0.3 
SCR Glossosomatidae Agapetus sp. 0.0 0.0 0.1 < 0.1 0.0 0.0 0.0 0.0 
 Molannidae Molanna sp. 0.1 < 0.1 0.1 < 0.1 0.1 0.1 0.1 < 0.1 
 Uenoidae Neophylax sp. 0.0 0.0 0 0.0 0.2 0.1 0.1 0.2 
 Elmidae Stenelmis sp. 0.1 < 0.1 0.1 < 0.1 < 0.1 < 0.1 0.4 0.2 
 Psephenidae Ectopria nervosa < 0.1 < 0.1 0.0 0.0 < 0.1 < 0.1 0.0 0.0 
FC Sphaeriidae Sphaerium sp. 0.3 < 0.1 0 0 0.1 < 0.1 0.5 < 0.1 
 Simuliidae Prosimulium sp. 0.3 < 0.1 0.1 < 0.1 0.7 0.2 0.4 0.1 
    Simulium sp. 0 0 < 0.1 < 0.1 < 0.1 < 0.1 0.0 0.0 
  
                       
                                     
                                
           
Table 26 (continued). Summary of combined mean individual macroinvertebrate taxa density (no./LP) and macroinvertebrate 
taxa biomass (mg/LP) values of the macroinvertebrate taxa by experimental groups and functional feeding groups (FFG) 
during pre-harvest and post-harvest studies in the perennial stream channels. SHR = shredders, SCR = scrapers, FC = 
filtering-collectors, GC = gathering-collectors, PR = predators. 
                      
  
 
        
   Pre-Harvest   Post-Harvest   
FFG Taxa  Control Treatment Control Treatment 
      no./LP mg/LP no./LP mg/LP no./LP mg/LP no./LP mg/LP 
           
GC Oligochaeta  1.6 0.4 0.2 0.1 1.4 0.1 1.9 0.1 
 Ameletidae Ameletus sp. 2.7 0.9 1.1 0.6 1.2 0.7 2.4 0.9 
 Baetidae Centroptilum sp 0.1 0.1 0.0 0.0 0 0.0 0.0 0.0 
 Ephemerellidae Ephemerella sp. 0.6 0.3 0.5 0.4 2.7 1.3 0.8 0.2 
  Eurylophella sp. 0.8 0.7 1.1 1.6 0.9 0.5 0.5 0.47 
 Leptophlebiidae Paraleptophlebia sp. 0.9 0.4 0.2 0.1 0.1 < 0.1 1 0.1 
  Habrophlebia vibrans 0.1 < 0.1 0.1 < 0.1 < 0.1 < 0.1 0 0.0 
 Chironomidae Non-Tanypodinae 1.7 0.13 1.7 0.2 3.0 0.3 8.4 0.6 
 Ceratopogonidae Atriopogon sp. 0.0 0 0 0 0.0 0 < 0.1 < 0.1 
 Psychodidae Pericoma sp. 0.0 0 0 0 < 0.1 < 0.1 0.0 0.0 
PR Turbellaria  < 0.1 < 0.1 0 0.0 0.2 < 0.1 0.9 < 0.1 
 Cordulegastridae Cordulegaster sp. 0.0 0.0 0 0 0.0 0 < 0.1 < 0.1 
 Chloroperlidae Sweltsa sp. < 0.1 < 0.1 < 0.1 < 0.1 0.2 0.1 0.1 < 0.1 
 Perlodidae 
Perlodidae sp. 
(immature) 0.2 < 0.1 0.1 < 0.1 0.5 < 0.1 0.7 0.1 
  Isoperla spp. < 0.1 < 0.1 < 0.1 < 0.1 0.1 < 0.1 0.2 < 0.1 
  Remenus bilobatus 0 0 < 0.1 < 0.1 0.4 < 0.1 0.8 0.18 
                      
  
                       
                                          
                     
 
Table 26 (continued). Summary of combined mean individual macroinvertebrate taxa density (no./LP) and 
macroinvertebrate taxa biomass (mg/LP) values of the macroinvertebrate taxa by experimental groups and functional 
feeding groups (FFG) during pre-harvest and post-harvest studies in the perennial stream channels. SHR = shredders, SCR 
= scrapers, FC = filtering-collectors, GC = gathering-collectors, PR = predators. 
                      
  
 
        
   Pre-Harvest   Post-Harvest   
FFG Taxa  Control Treatment Control Treatment 
      no./LP mg/LP no./LP mg/LP no./LP mg/LP no./LP mg/LP 
           
 Perlodidae Yugus kirchneri < 0.1 0.2 0.1 0.2 < 0.1 0.15 0.2 0.1 
  Diploperla sp. 0.1 < 0.1 0.1 < 0.1 0.2 0.1 0.9 0.3 
 Phryganeidae Ptilostomis sp. 0.0 0 0 0.0 0 0 < 0.1 0.16 
 Rhyacophilidae Rhyacophila sp. 0.15 0.2 < 0.1 0.2 0.1 1.2 0.5 1.2 
 Chironomidae Tanypodinae 1.1 0.2 1.1 0.2 0.5 0.1 0.8 0.2 
 Ceratopogonidae Ceratopogon sp. 0.2 < 0.1 0.17 < 0.1 0.4 < 0.1 1.6 0.1 
  Bezzia sp. 0.2 < 0.1 0.2 < 0.1 0.4 < 0.1 0.2 < 0.1 
 Tipulidae Pilaria sp. < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 0.1 < 0.1 
  Hexatoma sp. 1 0.1 0.3 0.11 0.24 0.1 0.2 0.1 0.1 
  Pedicia sp. 0 0 0 0 < 0.1 < 0.1 0 0 
  Dicronata sp. 0.0 0 0 0 0 0 < 0.1 0.1 
 Dolichopodidae Rhaphium sp. 0.0 0 0.0 0.0 0 0 < 0.1 n/a 
 Tabanidae Tabanus sp < 0.1 < 0.1 0.0 0.0 0.1 < 0.1 0.1 0.1 
  Chrysops sp. < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 0.1 0 0 
 Corydalidae Nigronia sp. 0 0 0.1 0.8 0 0 0.14 1.8 
 Sialidae Sialis sp. 0 0 < 0.1 0.1 0 0 < 0.1 < 0.1 
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Macroinvertebrates 
I found significant differences in the macroinvertebrate community structure 
associated with leaf packs between perennial and temporary stream reaches. Leaf packs 
in the temporary stream reaches contained higher shredder, gathering-collector, predator, 
and total macroinvertebrate abundances, than leaf packs in the perennial stream reaches. 
Filtering-collector and scraper abundance were similar in leaf packs within both reaches. 
Shredder and total macroinvertebrate biomass was also higher in the temporary leaf 
packs. Gathering-collector biomass was higher along one measurement (mg/ g AFDM). 
Predator, filtering-collector, and scraper biomass was similar in leaf packs within both 
reach types. These results suggest the temporary upper sections of these streams can 
support higher levels of macrovinvertebrate communities when compared to the 
downstream perennial reaches.   
 Other studies have found both significant and similar colonization patterns between 
perennial and temporary stream reaches. Smith et al. (2003) found greater abundances of 
macroinvertebrates and greater Ephermeroptera, Plecoptera, and Trichoptera (EPT) 
richness in perennial springs compared to intermittent springs. Richardson (1990) found 
lower shredder densities in intermittent streams. Feminella (1996) found similar 
macroinvertebrate fauna in both intermittent and permanent upland Alabama streams.  
Proger and Moldenke (2002) found adult macroinvertebrate emergence density, biomass, 
and richness higher in temporary streams than perennial streams in Western Oregon.  
Higher amounts of leaf litter retained in the temporary streams could be contributing to 
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the higher numbers of macroinvertebrates, particularity the shredders (Dieterich et al. 
1997, Price et al. 2003), in the temporary streams. Price et al. (2003) found higher 
abundances of shredders in ephemeral and intermittent streams. 
 I found shredder and gathering-collector functional feeding groups dominated 
temporary and perennial leaf pack abundance and biomass.  This evidence coincides with 
the predictions made by Vannote et al., (1980).  The reduction of CPOM into FPOM by 
shredders inside leaf packs facilitates its use by gathering-collectors (Short and Maslin 
1977). Dieterich et al., (1997) found similar patterns in Western Oregon temporary and 
perennial streams. Further studies quantifying FPOM production by shredders and uptake 
by gathering-collectors could elucidate the interactions between these two functional 
feeding groups. 
Due to the continual discharge the leaves were in the water, macroinvertebrates 
typical in the perennial channels were able to colonize the temporary stream channels. 
Wood et al. (2005) found no significance between perennial and intermittent sites during 
high discharge, but at intermediate discharge, they found a significant difference in the 
number of taxa, macroinvertebrate community structure, and in other biotic indices in an 
English watershed.   
Differences in each of the stream’s physical and hydrological structure can alter 
the macroinvertebrate community structure (Smith et al. 2003). For example, Halwas et 
al. (2005) found both geomorphologic and hydrologic features influenced 
macroinvertebrate assemblage on Vancouver Island. The seven streams observed in this 
study are characterized by pool-run-riffle channel units and accumulations of large 
woody debris. They range from being deeply incised and directly adjacent to valleys 
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(temporary sections) to a less steep gradient (perennial). Our temporary streams were 
associated with steeper gradients, and reduced channel width, than the perennial streams. 
During seasonal flow patterns, macroinvertebrate communities associated with organic 
matter are present in temporary streams and may exceed perennial stream reaches in their 
density and biomass. This indicates that temporary streams are physically suitable 
habitats for macroinvertebrate fauna and contribute to a stream’s form and function. 
 
Forest harvesting practices 
During the first 5 months after logging operations, timber removal imparted no 
measured effect on yellow-poplar leaf processing rates in either the temporary or 
perennial stream reaches.  Webster and Waide (1982) and Benfield et al., (2001) reported 
slower processing rates, due to leaf pack burial, just after logging occurred. When 
compared to unlogged streams, Kreutzweiser et al., (2008) found slower speckled alder 
(Alnus rugosa) decomposition in logged streams with 30-100 m buffer strips. This did not 
occur within the logged streams. Higher rainfall amounts during the post-logging study 
period could have removed any sediment buildup on the leaf packs, but hydrological 
evidence supporting this notion is lacking.  
Also, I found no significant changes in the macroinvertebrate community 
structure associated with leaf packs in the temporary and perennial stream reaches. Post-
harvest, treatment streams increased in taxonomic diversity, while the control stream 
decreased.  In the central Oregon coast range, Banks et al. (2007) found clearcutting to 
the steam bank increased the total insect emergence, altered assemblage composition of 
adult aquatic insects, increased taxon diversity of adult aquatic insects in intermittent and 
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perennial streams, but found no difference in community composition based on flow 
duration.  Kreutzweiser et al., (2008), found lower leaf pack macroinvertebrate 
community structure in logged streams that had 30-100 m buffer strips. Stone and 
Wallace (1998) concluded that it took 16 years for macroinvertebrate assemblages to 
return to pre-harvest and control levels after logging operations.  
In both reach types, functional feeding group abundance was dominated by 
gathering-collectors and shredders before and after logging. Shredder biomass 
contributed most to functional feeding group biomass in both reach types and in the 
control and treatment streams.  
Due to the grouping all of SMZ widths into one treatment group, I was unable to 
document the effects of SMZ width. Stream reaches with wide SMZs have been shown to 
support similar macroinvertebrate communities to reference streams, while unprotected 
streams showed dissimilar macroinvertebrate community structure (Newbold et al. 1980). 
Kiffney et al. (2003) concluded that SMZs of 30 m or more in width were needed to 
protect the stream trophic structure. Swank et al. (2001) found elevated 
macroinvertebrate biomass and productivity in logged stream when compared to 
reference steams. In this study both macroinvertebrate abundance and biomass increased 
over time in the control and treatment ephemeral and perennial stream reaches, yet no 
significant responses were found when comparing pre- and post-harvest community 
structure.  
 
 
 
76 
 
                      
                                    
Conclusions 
Hydrologic gradients 
The evolutionary and ecological processes that occur in temporary streams make 
them ideal settings for aquatic studies (Schwartz and Jenkins 2000). Documenting 
organic matter breakdown and macroinvertebrate community structure can aid in the 
conservation of these effervescent systems. Recent studies have shown the importance of 
temporary streams (Williams 1996, DiStefano et al. 2009) in sheltering biotic 
communities.  Studies in these highly fluctuating systems are making managers and 
policy makers rethink the classification, management, and protection of these systems 
(Nadeau and Rains 2007). 
Fritz et al. (2008) proposed a suite of physical indicators to characterize the 
hydrologic permanence of headwater streams on the regional scale, in hope that they can 
receive protection status from environmental laws and protection agencies. Gessner and 
Chauvet (2002), Morais et al. (2004) and Young et al. (2008) proposed using organic 
matter breakdown studies to complement other bioassessments of riverine ecosystem 
health. Both proposals aim to distinguish and protect headwater streams from 
anthropogenic disturbances. Coupled with ongoing macroinvertebrate community 
structure studies, the results from this study could be used as baseline data to assess 
future anthropogenic disturbances. 
Increasing extreme weather patterns can lead to instability within a stream system 
(Houghton 2005).  Increasing global temperatures and CO2 concentrations have the 
capability of altering a region’s hydrological regime (e.g.,  precipitation, runoff, flow 
sequences, water table levels, and evapotranspiration), but affects will vary according to a 
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region’s climatic patterns (Carpenter et al. 1992, Angeler 2007). Local disturbances are a 
factor in causing these global shifts and when combined with them, can exacerbate the 
effects of global climatic shifts (Angeler 2007). Aberrations in natural hydrologic 
patterns can impact aquatic macroinvertebrate life history strategies (Hogg and Williams 
1996, Boulton 2003) and ecosystem level processes (Carpenter et al. 1992). Energy input, 
breakdown, and the associated biotic communities are connected to the hydrological 
regime (Closs and Lake 1994, Dewson et al. 2008). These connections stress the 
importance of temporary streams to their associated watersheds. 
Schwartz and Jenkins (2000) cited the need for more studies on these unique 
systems. This study has shown that temporary stream reaches mimic or exceed perennial 
reaches in organic matter breakdown dynamics and macroinvertebrate assemblages in a 
Cumberland Plateau watershed. 
  
Forest harvesting practices 
Riparian buffer width can have different effects on mitigating the impacts of 
logging. Depending on riparian buffer width, stream functions can be properly protected 
(Broadmeadow and Nisbet 2004). Melody and Richardson (2007) found an effect of 
riparian harvesting on the biological and physical elements of a stream in sub-boreal 
Canada.  They also noted that each stream have a unique reaction to the type of 
harvesting.  I possibly saw the same phenomenon within streams receiving the same 
treatment, SRW and WF, and the treatment stream receiving the harshest treatment, SRS. 
 The rate at which a watershed and its biotic components can recover from 
anthropogenic disturbances is dependent on several factors. The hydrology of a system 
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affects the rate of recovery following anthropogenic disturbance. Aquatic insects with 
shorter life-cycles lengths (e.g., Lepidostoma) are able to compensate for the loss of other 
insects in the breakdown of leaf litter and in recolonization efforts (Wallace et al. 1986, 
Whiles and Wallace 1996).  
This study documented results in a very short term (< 1 yr.) after timber 
harvesting occurred. Benfield et al. (2001) stressed the importance of long-term studies to 
more fully assess ecosystem response and recovery to logging disturbances. The rate of 
stream ecosystem recovery is dependent on the rate of recovery by the adjacent terrestrial 
ecosystem (Gurtz et al. 1980, Meyer and Tate 1983). Thus, our results report only a 
snapshot of ecosystem recovery dynamics following timber harvesting. Further leaf pack 
studies will be needed to fully assess the response and recovery of the treatment streams. 
Future studies documenting ecosystem-level processes and macroinvertebrate 
structure will help managers in assessing ecosystem recovery.  Some studies (Gessner 
and Chauvet 2002, Young et al. 2008) have indicated that organic matter processing can 
complement existing bioassessment techniques in assessing stream ecosystem health and 
that using leaf packs is a suitable measure for studying the effects of disturbance on 
watersheds (Niyogi et al. 2001, Gessner and Chauvet 2002). Kreutzweiser et al., (2008) 
concluded that leaf packs and the associated macroinvertebrate community structure can 
be used as sensitive bioindicators in logging impact and BMP studies.  
There were certain flaws in our experimental design and statistical analyses. The 
temporary stream reaches were connected longitudinally to the perennial reaches and, 
hence, the perennial channels not only received a channel-specific treatment but also the 
downstream effects of the temporary reach treatments. This means the results in the 
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perennial reaches were the combination of the prescribed perennial and temporary reach 
treatments.  Due to no timber harvesting occurring in two of the treatment watersheds, we 
were left with one replicated treatment and one unreplicated treatment.  For statistical 
purposes, we grouped the three treatment streams while added one unharvested 
experimental stream with the reference group.  Until harvesting occurs in all 
subwatershed and organic matter breakdown a macroinvertebrate community structure 
are assessed, results from this study are preliminary and should be taken with hesitancy. 
Overall, no observed distinct responses in yellow-poplar processing rates or the 
associated macroinvertebrate community structure was detected. Macroinvertebrate 
community structure varied spatially and temporally. On the taxonomic level, increases 
in taxa-specific abundance and biomass remain to be explained. Future research assessing 
interactions on the taxonomic level might help explain increases or decreases in 
abundance and biomass in relation to treatment effects. 
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